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During commissurotomy for stenosis of the mitral valve, it has been possible to record the moment 
to moment changes in left auricular and pulmonary arterial pressures, using an electronic ma- 
nometer system. The left auricular pulse patterns have varied depending on the degree of stenosis 
and the presence or absence of auricular fibrillation or unsuspected regurgitation. The degree of 
success attending operative intervention on the mitral valve has been predictable by a study of 


the postcommissurotomy tracings. 


URING the past few years, it has be- 

come technically feasible to attack the 

mitral valve directly to relieve mitral 
stenosis. Bailey and his associates' have used 
the term ‘‘commissurotomy”’ to describe what 
appears to be the ideal procedure, that of cut- 
ting between the fused anterior and posterior 
cusps at one or both ends of the valve so that 
although the opening is enlarged, insufficiency 
is not produced. Others?: * have called the pro- 
cedure “valvuloplasty” or ‘“valvulotomy.” A 
prominent feature in mitral stenosis with or 
without regurgitation is pulmonary hyperten- 
sion, which can be measured in the intact sub- 
ject by cardiac catheterization. The primary 
area of high pressure, however, is in the left 
auricle and this is accessible for pressure studies 
ouly at operation, The operative exposure of 
the heart and great vessels has given a good 
opportunity for a study of the pulse patterns 
o! the left auricle and pulmonary artery before 
and after incision of the stenotic valve. Since 
mitral commissurotomy is aimed at the restora- 
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tion of function of the mitral valve, it has been 
found that an evaluation of these pressure 
curves taken during the course of operation 
is helpful in ascertaining the adequacy of this 
procedure. 

At the beginning of this century, MacCal- 
lum and McClure! were among the first in this 
country to study the pressure changes in 
various regions of the vascular system in the 
presence of acute mitral stenosis or insuffi- 
ciency. They employed levers attached to mer- 
cury manometers, a method which recorded 
mean pressures satisfactorily, but which was 
unavoidably associated with considerable 
damping of the pressure pulses. It was found 
that the immediate result of acute stenosis of 
the mitral valve was a lowering of the general 
arterial pressure, and great elevation of the 
pressure in the pulmonary artery, the pulmonary 
veins and the left auricle. They also produced 
insufficiency of the mitral valve by cutting 
chordae tendineae and measured the pressures 
with more sensitive tambours. There was low- 
ering of the arterial pressure depending on the 
extent of the insufficiency. The pressure in the 
pulmonary artery was relatively little altered; 
in fact, with extreme insufficiency, it usually 
sank with the general arterial pressure. With 
minimal insufficiency, it rose slightly. In 1922, 
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Wiggers and Feil’ studied the pulse patterns 
of acute mitral insufficiency, using a photo- 
graphic kymograph and sensitive optical ma- 
nometers of adequate frequency responses. 
Reference will be made to some of their ob- 
servations in connection with the interpretation 
of the tracings of our patients with insuffi- 
ciency. Using the same manometer system, 
Katz and Siegel® recorded certain pressure 
waves in acute mitral stenosis. Among their 
observations was an increase in the magnitude 
of the left auricular contraction. 

Other groups! * operating on mitral stenosis 
have made some observations on the pressures 
in the pulmonary artery and left auricle, but 
no simultaneous pressure tracings obtained by 
a sensitive manometer system have been pub- 
lished. 


APPARATUS AND METHODS 


An impedence gaging system,* developed for 
recording biologic pressure variables, was used to 
obtain the pulse patterns in the study. The apparatus 
has been described in detail by Schafer and Shirer.? 
The gage is a pressure sensitive element designed 
to fit into a modified 2 cc. syringe. A tiny diaphragm 
is mounted in the end of the syringe plunger and 
an electrical element inside the plunger measures 
the movements of the diaphragm when pressure is 
applied. Previous response studies of the apparatus 
have indicated that the static and dynamic responses 
are fairly satisfactory and that it is relatively stable. 
In this investigation the gages were activated by 
inserting an 18 gage needle attached directly to the 
gage into the vascular chamber to be studied. The 
needle in the pulmonary artery was curved to 90 
degrees so that end pressures were obtained. Moment 
to moment changes in pressure were observed at 
operation on a monitoring oscilloscope and tracings 
made on a photographic recording oscillograph for 
later consideration. At the termination of the opera- 
tion the system was calibrated with a mercury 
manometer. 

The clinical material consists of 12 patients with 
severe mitral stenosis who were selected for com- 
missurotomy by the method of Bailey and his 
associates.'! The left third rib is resected anteriorly 
from the sternum to the midaxillary line, and addi- 
tional exposure is obtained by cutting the second 
and fourth costal cartilages. The pericardium is 
incised longitudinally posterior to the phrenic nerve, 
exposing the auricular appendage. After a purse- 
string suture of heavy silk is placed around the 
base of the appendage, simultaneous pressure re- 
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cordings are taken from the left auricle and pulmo 
nary artery. The tip of the appendage is then ampu 
tated and the right index finger, accompanied by 
the Railey guillotine knife, is introduced into the 
auricle. Digital exploration reveals the degree of 
stenosis, and if regurgitation is present, it is fe!t 
as a definite jet of blood. One or both commissures 
are then cut, after which the finger and the knife 
are withdrawn and the auricle closed by drawin: 
the purse-string suture tight. Tracings are again 
taken of the pressures in the left auricle and pu - 
monary artery. 


RESULTS 
The pressure curves of 6 patients have been 
selected for special consideration. These are: 
(1) a person with a normal heart who had a leit 
thoracotomy for a noncardiac condition; (2) a 


or GO 


Fic. 1. Tracings of the pressures in the pulmonary 
artery (upper) and left auricle (lower) of a normal 
human heart. Time lines = 0.1 second. See text for 
discussion. 


patient with regular rhythm who had a satis- 
factory commissurotomy; (3) a patient with 
auricular fibrillation and a good commissurot- 
omy; (4) a patient with an unsatisfactory com- 
missurotomy ; (5) a patient with an unsuspected 
large amount of mitral regurgitation; and (6) 
a patient whose mitral insufficiency was first 
aggravated and then partially corrected during 
the operative procedure. 

(1) For orientation to the analysis of the 
‘-ardiodynamics of commissurotomy it is desir- 
able to consider first the pulse contour of the 
pulmonary artery (upper curve) and left auricle 
(lower curve) of a man of 56 without clinica! 
evidence of heart disease during thoracotom) 
for the removal of a small lung tumor (fig. 1) 
The pulmonary artery pressure measures 25/1! 
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om. Hg. At the beginning of ventricular ejec- 
ion, the pressure rises gradually to a rounded 
eak and falls more slowly. The dicrotic notch 
indicating closure of the pulmonary valve oc- 
cars when the pressure has almost reached 
ciastolic level. The auricular tracing is of more 
i iterest. During auricular systole a rounded 
somewhat peaked wave is invariably present 
(4-C). The pressure rises to a summit (B), 
ut before ventricular systole starts, it has 
illen to a variable extent (C). Near the onset 
f ventricular systole the pressure first rises 
snarply to a peak (D) and then abruptly falls 
(2). The closure of the aortic valve and the 
opening of the mitral valve is not clearly sig- 
nalled. From the low point at (#), the pressure 


with the partial opening of the mitral valve. 
The absence of any appreciable elevation of 
pressure during ventricular ejection indicates 
the absence of any significant insufficiency of 
the valve. This auricular tracing is believed 
to be typical for pure mitral stenosis. 
Following lateral commissurotomy, the pul- 
monary artery pressure measures 35/25 mm. 
Hg. Left auricular pressure has been reduced 
to 8/5 mm. Hg. The rounded wave near the 
onset of ventricular systole is followed by no 
increase in auricular pressure signifying the ab- 
sence of regurgitation. Clinically this patient 
was restored from invalidism to normal health. 
(3) Figure 3 is an example of the records 
obtained from a patient with mitral stenosis 


Fig. 2. Pressure curves in the pulmonary artery (upper) and left auricle (lower) in a patient with 
mitral stenosis and regular rhythm. A. Before commissurotomy. B. After opening the stenotic valve. 
Time lines = 0.1 second. For discussion, see text. 


in the auricle gradually rises until the next 
auricular systole begins. The pressure in the 
auricle varies between 2.5 mm. and 10 mm. Hg. 

(2) Figure 2 is an example of the pressure 
waves in the pulmonary artery (upper curve) 
and left auricle in a patient with a regular 
rhythm at the time of commissurotomy and 
an excellent operative result (case 12 in the 
series, C. K., female, age 30). Although the rise 
i pressure in the pulmonary artery is not 
abrupt with the occurrence of right ventricular 
ejection, the pressure is elevated to 65/50 mm. 
lig. The dicrotie notch is prominent, signifying 
the absence of pulmonary insufficiency. Auricu- 
l:r systolic pressure is high (25 mm. Hg) and 
tne sharply peaked wave is followed by a 
rounded wave of lower amplitude during ven- 
tricular systole, falling rapidly to lower levels 


and auricular fibrillation (case 10 in the series, 
L. B., male, age 41). The initial pulmonary 
artery pressure (upper curve) was 95/65 mm. 
Hg. The abrupt rise in pressure with right 
ventricular ejection signifies the increased re- 
sistance to outflow imparted by the stenotic 
mitral valve. The notch made by the closure 
of the pulmonary valve is noted. The low am- 
plitude pulse shown at the right of the precom- 
missurotomy tracing indicates a weak right 
ventricular ejection occurring in the course of 
auricular fibrillation. Since this patient was 
fibrillating, no definite changes in the auricular 
pressure curve due to contraction of the auricle 
are demonstrable. The auricular pressure rises 
near the onset of ventricular ejection and re- 
mains as a plateau until after the closure of the 
semilunar valve, the reduction of ventricular 
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pressure and the flow of blood from auricle to 
ventricle. This pressure was registered as 25/10 
mm. Hg. 

After “finger fracture” of the lateral com- 
missure to the ring of the mitral valve without 
recourse to the use of the knife, the pulmonary 
hypertension was reduced to 70/40 mm. Hg. 
Left auricular pressure was 12/9 mm. Hg and 
there was no evidence of mitral insufficiency. 
This man was brought from imminent retire- 
ment to active professional life as an engineer. 

(4) The results of this series have not all 
been satisfactory and figure 4 illustrates the 
moment to moment changes in pulmonary ar- 
terial (upper curve) and left auricular pressures 
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of pulmonary insufficiency. Left auricular pres 
sure measured 10/5 mm. Hg. The resulting pul- 
monary arterial pressure (fig. 4B) remained ai 
75/55 mm. Hg and left auricular pressure ros: 
to 20/10 mm. Hg. This patient expired 17 hour 
after operation. Autopsy findings of importance 
were acute pulmonary congestion and atelec 
tasis. 

(5) Figure 5 is an example of an unsuspected 
amount of mitral insufficiency (case 4 in the 
series, H. F., a male, age 42). This patient had 
been described as having only a questionable 
systolic murmur at the apex to indicate the in- 
sufficiency. At operation, the regurgitation wa 
felt with the finger. There was also severe mi- 


0 
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Fig.3. Blood pressure tracings in the pulmonary artery (upper) and left auricle (lower) in a case 
with mitral stenosis and auricular fibrillation. A. Prior to lateral commissurotomy. B. After success- 
ful commissurotomy. Time lines = 0.1 second. See text. 


before and after an operative failure (case 5 in 


the series, M. B., a woman, age 45). The pa- 


tient had progressive heart failure, myocardial 
insufficiency, and auricular fibrillation. She was 
recognized as a poor risk; nevertheless, since 
she appeared to have pure mitral stenosis and 
since an early death seemed inevitable without 
intervention, she was accepted for operation. 
The lateral commissure was cut and an attempt 
was being made to cut the thick medial com- 
missure when the ratchet came off the guillotine 
knife, leaving no way to control the cutting 
edge. The heart action was poor, and further 
efforts to cut the valve were discontinued. 
Prior to commissurotomy the pulmonary artery 
pressure was registered at 75/55 mm. Hg and 
the incomplete incisura suggests some degree 


tral stenosis, so it was thought that the regur- 
gitation would be made no worse and might 
even be benefited by incising the commissures. 
The lateral commissure was flat and calcified 
and did not lend itself to cutting. A satisfactory 
incision was made in the medial commissure. 
After this, it was felt that the regurgitation was 
actually diminished. The precommissurotomy 
tracing is typical of mitral insufficiency. The 
rounded wave of auricular systole (upper curve) 
is followed by a rather sharp decrease in pres- 
sure and sharply peaking and falling wave; 
preceding ventricular systole. With the begin- 
ning of ventricular ejection the pressure rise: 
sharply and remains elevated until after closure 
of the aortic valve. This pressure was 30/1: 
mm. Hg. Pulmonary arterial pressure rose ab 
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uptly to 50 mm. Hg and then slowly declined tion. The autopsy showed that death may have 
o 15 mm. Hg at the end of diastole. Small high been due to an area of myocardial injury in the 
‘requency waves in this tracing are artefact. vicinity of a large exostosis of a vertebra. 
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Fic. 4. Pulse patterns in the pulmonary artery (upper) and left auricle (lower) in an unsuccessful 


commissurotomy. A. Before commissurotomy. B. After inadequate commisurotomy. Time lines = 
0.1 second. See text. 
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Fia. 5. Blood pressure curves in the left auricle (upper) and pulmonary artery (lower) in a patient 
with mitral stenosis and also marked regurgitation. A. Before commissurotomy. B. After commis- 
surotomy (left auricular curve only). Time lines = 0.1 second. See text for discussion. 


Subsequent to medial commissurotomy, left (6) Figure 6 shows the tracing in another 
uricular pressure was measured. as 10/5 mm. patient with mitral insufficiency (case 3 in the 
Ig. This patient expired 37 hours after opera- series, B. L., female, age 40). The patient was 
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Fic.6. Blood pressure tracings from the left auricle 
(upper) and pulmonary artery (lower) in a patient 
with mitral stenosis and insufficiency. A. Prior to 
commissurotomy. B. After surgically increasing the 
mitral insufficiency. Upper curve is from the pulmo- 
nary artery. Lower curve is from the left auricle. Note 
range change. C. After partially correcting the insuffi- 
ciency (left auricle only. Note range change). Time 
lines = 0.1 second. See text. 


fibrillating and the rise in left auricular pres- 
sure (figure 6A, upper curve) during the later 
phase of ventricular ejection indicates mitral 
regurgitation. The pressure in this chamber 
was 30/15 mm. Hg. Unfortunately, the pul- 
monary arterial wave was damped and only a 
mean pressure of 45/40 mm. Hg was recorded. 
After inadequate incision of the lateral commis- 
sure and digital dilatation of the valve, pulmo- 
nary artery pressure rose to 75/60 mm. Hg (fig. 
6B). The patient had reverted to a regula 
rhythm and left auricular pressure rose to 65/2: 
mm. Hg. During auricular systole the pressure 
rises acutely and following a rounded wave oi 
small amplitude, continues the ascent to a 
profound degree which coincides with ventricu 
lar ejection. This indicated the production of 
a high degree of insufficiency of the mitral 
valve. It was obvious that the patient could 
not be expected to live long with these dynam 
ics and an attempt was made to improve the 
incision in the commissure. Following incision 
of the lateral commissure, the pressure in the 
left auricle had fallen to 14/5 mm. Hg (fig. 6C). 
However, the pulse pressure remained high 
and the wave contour of insufficiency was still 
present. Pulmonary artery pressure was not 
obtained. This patient has shown little im- 
provement since discharge from the hospital. 


Clinical Results 


The clinical results in the 12 patients have 
been as follows: There were three deaths; two of 
these were explained above, one being in a 
poor risk patient who had inadequate commis- 
surotomy because of failure of the instrument, 
and the other in the patient with marked re- 
gurgitation who developed the myocardial in- 
jury. In addition, there was another patient 
with marked unsuspected mitral insufficiency 
who was not benefited by a small cut in the 
lateral commissure. The immediate results were 
good in 8 patients, but one of these has devel 
oped symptoms which are believed to be largely 
based on pulmonary fibrosis and emphysema. 
A diastolic rumble is present but is not as 
prominent as before the operation. Anothei 
patient was unimproved; the tracings showed 
regurgitation before and after the commissu- 
rotomy. 
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Discussion 


By means of a sensitive electronic manom- 
‘ter system records have been made of the 
yulse pattern in the normal human heart; these 
vere compared with the changes in the pulse 
vave contours of the pulmonary artery and 
eft auricle resulting from rheumatic disease of 
he mitral valve. It is possible to point to what 
s probably a typical tracing for mitral stenosis 
vith and without associated auricular fibrilla- 
ion. Following commissurotomy, the pressure 
‘urves should show a marked decrease in the 
wuricular pressure and some decrease in the 
pulmonary artery pressure. Furthermore, the 
postcommissurotomy tracing should show that 
no significant insufficiency has been created by 
the incision. 

Interestingly enough, the left auricular pulse 
patterns in a patient without heart disease and 
in these patients suffering from the effects of 
rheumatic mitral valvular disease are similar 
to those obtained in acute experiments in the 
laboratory.’ Moreover, since the functional re- 
sult of this pathologic process is a combination 
of stenosis and incompetence of the mitral 
valve, an aspect in which pressure studies have 
not been made in the laboratory, the left au- 
ricular wave forms in this investigation have 
frequently revealed resultant wave contours 
that have not been reported previously. 

Some of the theories of the cardiodynamies 
of mitral insufficiency proposed by other in- 
vestigators can be checked against these records 
of the condition in human cases. For example, 
MacCallum and McClure‘ believed that they 
demonstrated a back flow in the pulmonary 
artery due to the regurgitant stream, which 
made itself evident by a smail secondary peak 
in the pulmonary artery pressure. Inspection of 
the record in figure 5 shows that the slope of 
the diastolic decline of the pulmonary artery 
pressure is comparatively smooth, except for 
the notch made by the closure of the semilunar 
valve. However, the ascending part of the curve 
is quite steep, a picture which was noted by 
Wiggers and Feil’ and interpreted by them as 
heing possibly due to the vis a fronte effect of 
‘he regurgitation. These investigators also 
ioted that regurgitation was centinued over 
nto diastole for a period (0.08 second). Again, 


in figure 5 it is seen that the peak of the regur- 
gitation is reached about 0.02 second after the 
height of pulmonary artery systole and con- 
tinues into diastole. 

Pulmonary arterial pulse patterns have been 
recorded without the presence of artefacts 
noted by cardiac catheterization. Because these 
waves have in general had adequate reproduc- 
tion, the condition of the pulmonary valve has 
also been evaluated. In 5 of this group a soft 
diastolic murmur along the left sternal border 
was interpreted as representing the Graham- 
Steell murmur of pulmonary insufficiency. 
However, only one of the pulmonary arterial 
pulse patterns disclosed the presence of a small 
amount of incompetence of the pulmonary 
valve. The mechanism of this murmur in the 
presence of a competent pulmonary valve is 
not entirely clear at this time. 

Some of the conditions of this investigation, 
as is the case in many clinical studies, were 
beyond the control that can bc maintained in 
laboratory experiments. The pressure waves 
taken after commissurotomy are presumably 
due to the effects of incision of the commissures 
and the relief of the stenosis, rather than 
changes in systemic blood pressure. It would 
be technically possible to take a tracing also 
from the aorta to obtain systemic pressures, 
but it did not seem to be advisable to subject 
the patient to this maneuver, since a fairly 
satisfactory estimate of this pressure was avail- 
able from the ordinary aneroid sphygmoma- 
nometer and wrap-around cuff on the arm. 
Comparison of these cuff pressures (taken at 
the time of pressure recording), before and 
after commissurotomy, revealed no change in — 
systolic pressure in 7 of the patients and a fall 
up to 20 mm. Hg in 5 patients with no change 
in diastolic pressure. Blood pressure was main- 
tained by the replacement of any blood loss by 
whole blood transfusions. 


CONCLUSION 


Oscillograph tracings of the left auricular 
and pulmonary artery pressures in patients 
undergoing commissurotomy for mitral stenosis 
have been of academic interest as well as prac- 
tical value in indicating the accuracy of the 
diagnostic methods used in selecting patients 
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for the operation and in demonstrating the 
adequacy of the incisions of the valves. 
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Transposition of the Aorta and 
Pulmonary Artery 


By Maurice CampBeELL, M.D., F.R.C.P., anp 8. Suzman, M.R.C.P. 


Transposition of the aorta and pulmonary artery is now more frequently diagnosed in life. It must 
be distinguished from Fallot’s tetralogy because it is not helped by the Blalock-Taussig operation: 
indeed, the blood flow to the lungs is increased instead of reduced. This picture of pleonemic lungs 
‘an be recognized by radioscopy and indicates a left to right shunt; when combined with central 
cyanosis, complete or partial transposition is the most common cause. The general picture seen in 
25 cases, in 6 of which the diagnosis was confirmed by cardiac catheterization and angiocardiog- 
raphy, is described. Two cases where the features of transposition were obscured by the presence of 


pulmonary stenosis are included. 


HEN cyanotic children with congen- 
ital heart disease are examined on the 
x-ray screen, most show a concave 
pulmonary bay and light lung fields without 
pulsation; this suggests a diminished blood flow 
to the lungs. Some, however, show dense shad- 
ows around the hilum of the lung and for vary- 
ing distances out into the lung fields, sometimes 
with the right and left pulmonary arteries much 
enlarged and with striking pulsation in these 
and even in the smaller branches out to the 
periphéry; this means that there is an increased 
blood flow to the lungs, a condition we have 
called pulmonary pleonemia in contrast to pul- 
monary oligemia when the flow is diminished.® 
The shape of the pulmonary are is most often 
slightly concave (fig. 1) but may be convex, 
sometimes greatly so, generally owing to dilata- 
tion of the pulmonary artery (fig. 2), though the 
very varied position of the aorta (fig. 1, right) 
also changes the shape of the base of the heart. 
The deep central cyanosis indicates a large 
right to left shunt, and the pleonemic lungs in- 
dicate a large left to right shunt: we think that 
this combination generally indicates transposi- 
tion of the aorta and pulmonary artery, though 
the transposition may often be partial rather 
than complete.® 


PRESENT VIEWS 


Abbott! collected 94 reported cases of trans- 
position and found that the foramen ovale was 


From the Cardiac Department, Guy’s Hospital, 
london, England. 


open in 79, the ductus arteriosus in 63, and the 
ventricular septum in 31 of these. When there 
was no ventricular septal defect the average age 
at death was measured in weeks; and even when 
there was, it was under four years. 

Until recently the picture was almost en- 
tirely based on cases seen post mortem. Ac- 
cording to Brown‘ the cyanosis generally dates 
from birth and may be only moderate; a sys- 
tolic murmur is often present but may be absent 
if the defect is large; the pulmonary second 
sound is often accentuated; and there is right 
ventricular hypertrophy. 

Taussig' has made this diagnosis more pos- 
sible in life, and describes the following picture. 
The heart increases in size with unusual rapid- 
ity. The pedicle is narrow in the anteroposte- 
rior view. In some cases the shadow of the right 
atrium may increase and decrease rhythmi- 
cally with reversal of the shunt. Taussig does 
not think murmurs and thrills of much value 
in the diagnosis. Like Abbott, she gives a very 
bad prognosis, most patients dying within 14 
months. 

We think this description is mainly appli- 
cable to transposition in infancy. In older chil- 
dren we have not seen these rhythmic changes 
in the atrium. In spite of the gloomy prognosis 
generally given, many of these patients are in 
reasonable health in their teens. The prognosis 
depends on the size of the shunts between the 
right and left sides of the heart; if these are 
large enough for adequate mixing of the two 
circulations, so that the infants survive, there 
is no reason for rapid deterioration, and these 


Circulation, Volume IV, September, 1951 





TRANSPOSITION OF THE AORTA AND PULMONARY ARTERY 


Fic. 1. Teleradiogram and x-ray with catheter in situ from 2 cases of complete transposition with 
a concave pulmonary arc. 

Case 1. (Top left). The left border above the pulmonary arc that would normally be pulmonary 
trunk is, in fact, the aorta. There is extreme dilatation of both pulmonary arteries and expansile 
pulsation was easily seen out to the periphery. (7'op right). The catheter has passed normally round 
the right side and upwards into what would normally be the pulmonary trunk; it has, however, 
entered the aorta and passed on into the innominate artery, as was confirmed by other findings. 

Case 2. (Bottom left). Teleradiogram from case with transposition, showing a narrow pedicle. The 
unusual distribution of the hilar shadows suggests a bronchial artery blood supply to the lungs, in 
addition to the normal pulmonary supply (see text). (Bottom right). The course of the aorta is outlined 
by a catheter passing through the right atrium and right ventricle and round the arch of the aorta to 
the descending aorta. 


are the only patients who will be seen in later sation of the pulmonary arteries in patient 
childhood. We think dense lung fields and pul- with central cyanosis are more important an 
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more constant than the other radiologic fea- 
ures, and even by themselves enough to allow 
he diagnosis of transposition. 

At first, in 1947, we thought these signs in- 
licated a septal defect with the cyanosis caused 
vy some additional factor, and gradually be- 
‘ame more sure that this was transposition,® so 
hat when the first patients had cardiac cathe- 
erization in 1948 we expected this to be con- 
‘irmed. 


and Bing" have, however, described one case 
where the aorta was completely transposed and 
the pulmonary artery arose mainly from the 
right ventricle but overrode a ventricular sep- 
tal defect. There was some fullness of the pul- 
monary conus with increased hilar shadows and 
faint expansile pulsation of the pulmonary ar- 
teries. The picture resembled Eisenmenger’s 
complex except that the cyanosis dated from 
birth. 


Fic. 2. Teleradiograms from cases of transposition; center and right with convexity of the pul- 
monary arc, probably due to dilatation of the pulmonary trunk. (Left, Case 5). The lung fields show 
extreme mottling but the main pulmonary arteries are hidden by the heart. Pulsation became more 
obvious during two years observation. (Center, Case 4). Moderate increase of the root shadows 
‘and more prominence of the pulmonary are. Although pulsation was easily seen out to the pe- 
riphery, the hila were less dense than in some cases. (Right, Case 3). The right pulmonary artery 
is dilated and expansile pulsation was seen here and in the smaller branches out to the periphery. 
Cases 3 and 4 contrast with the cases showing concavity of the arc in figure 1 so that there is some 


similarity in shape to Eisenmenger’s complex. 


Taussig'*: »- "7 has a footnote saying that she 
is familiar with this type of case, but has only 
seen one necropsy, when there was found to be 
transposition. In 1948 when one of us was in 
Baltimore, Dr. Helen Taussig had come to look 
on this picture as characteristic of transposi- 
tion, and this is also our view. 

Cardiac catheterization and angiocardiogra- 
phy have not been done in all these patients 
because we are not at present advising opera- 
tion for transposition. Blalock has, however, 
published a series of papers showing the diffi- 
culties and the measure of success he has ac- 
‘hieved.2:* It is clear, therefore, that many 
‘ases of transposition are diagnosed at the 
Johns Hopkins Hospital but little more has 
een published about the diagnosis.* Taussig 


* Since the writing of this paper, Taussig (1950) 
1as kindly shown us her communication to the Inter- 


CLINICAL PIcTURE IN OUR CASES OF 
TRANSPOSITION 


We have selected 25 cases with pleonemic 
lungs as examples of transposition from the 





national Paediatrie Congress at Ziirich in which she. 
describes the main features of transposition as fol- 
lows: It generally leads to progressive cardiac en- 
largement and death during infancy. Occasionally, 
a balance is established and it may then be compatible 
with life for a number of years. These children are 
greatly incapacitated and frequently squat when 
tired. They suffer from severe anoxia and develop 
early and severe polycythemia and clubbing. A sys- 
tolie murmur and gallop rhythm are common. There 
is slight cardiac enlargement and absence of fullness 
of the pulmonary conus: the vascular markings 
extend nearly to the periphery of the lung fields: 
there are many discrete circular shadows in the hilar 
region due to the number of blood vessels viewed on 
end. As will be seen from our paper we are in close 
agreement with many of her observations. 





332 TRANSPOSITION OF THE AORTA AND PULMONARY ARTERY 


first 400 patients with cyanotic congenital heart 
disease. Expansile pulsation of the pulmonary 
arteries has been the decisive criterion, though 
some have been included on the general ap- 
pearance of the lung fields. Nine of the 25 were 
between 6 and 18 years of age and 16 were 
aged 5 years or less. Five of these children 
have died, all from among the younger 16; in 
the only one with necropsy, who died when 2 
months old with congestive failure, there was 
complete transposition of the aorta and pul- 
monary artery. The others who died always had 
large hearts, the smallest cardiothoracic ratio 
being 59 per cent. Seven other patients, aged 9 
or more, have not been included as it seemed 
less certain whether they had Eisenmenger’s 
complex or transposition. It is interesting that 
from this radiologic approach transposition and 
Eisenmenger’s complex should prove somewhat 
difficult to distinguish, and that Holling and 
Zak" from their experience of cardiac catheteri- 
zation should conclude that the effect on the 
circulation of Eisenmenger’s complex and of 
transposition is often the same. 

Disability. Most of these patients can only 
walk 100 to 400 yards but some can walk a 


mile or more slowly. Many are not as ineapaci- 
tated as might be expected, probably because 
only the most favorable cases survive. Our 
older patients have the smaller hearts which 
suggests that an absence of cardiac enlarge- 
ment in early life is a good guide to the prog- 
nosis. 


Cyanosis and Polycythemia. Cyanosis was as 
severe.as in the average Fallot’s tetralogy. It 
was noted even earlier; in one, with only partial 
transposition, from 7 months, in 5, from the 
second month, and in all the others, from birth. 
The hemoglobin percentages were in the same 
range as in Fallot’s tetralogy: perhaps less 
often above 140, but in one of the children who 
died as high as 180 per cent. 

Clubbing of the Fingers. This was generally 
severe, and was often well advanced even in 
children of 2 or 3 years. We have noticed that 
some very cyanosed children have great disten- 
sion of the veins of the fingers, especially the 
middle and terminal phalanges, as well as the 
clubbing of the fingers. This is especially com- 
mon in children with transposition and we think 


it is caused by the increased systemic blood 
flow in addition to the other factors that cause 
clubbing. Lovell” has shown that the clubbed 
fingers of cyanotic congenital heart disease dif 
fer from the others by showing an increase of 
the volume of blood. 

Squatting. Four of these children squatted 
habitually, and a few others frequently sat on 
the floor with legs crossed like a tailor. The in- 
cidence of squatting (1 in 5) was much lowe 
than in Fallot’s tetralogy (4 in 5). 

Physical Signs. Most of the patients witl 
transposition had a systolic murmur, usually) 
maximal in the pulmonary area, but ofte: 
heard at the apex and occasionally louder there 
Eight, however, had no murmur. A systolic 
thrill was only noted in 4 cases and thus is much 
less common than in Fallot’s tetralogy. 

One-fourth of these children had a diastolic 
murmur—a rare occurrence with Fallot’s tetral- 
ogy—generally maximal in the pulmonary area 
but often well heard toward the apex. In some 
it was constant and easy to hear. In others it 
was variable or a faint whiff was heard just 
after the second sound. 

The most important physical sign is the 
quality of the pulmonary second sound. If the 
second sound is loud and booming, or ob- 
viously duplicated, or if pulsation is visible or 
still more if it is easily palpable, it suggests that 
large pulmonary arteries will be seen on screen- 
ing and that there is a raised pressure in the 
pulmonary artery. This booming second sound 
may be enough by itself to exclude the diagno- 
sis of Fallot’s tetralogy, where it may be some- 
what accentuated but never so much. 

The patient must be examined sitting and 
lying and in different phases of respiration be- 
fore deciding on the intensity of the second 
sound. In infants and very young children with 
transposition, the second sound may at first be 
passed as within normal limits of intensity. 

Shape and Size of the Heart. The heart in 
transposition is nearly always enlarged and the 
range of cardiothoracic ratios is well above that 
found in Fallot’s tetralogy (see fig. 3). In three 
it was 50, 51 or 53 but generally ranged from 
55 to 67 and averaged 59 per cent. The x-ray 
appearance of the heart as a whole supported 
these figures. 
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The enlargement of the heart is mainly due 
tc the right ventricle, though sometimes this is 
le is obvious than usual in the left oblique view, 
because the anterior position of the aorta mak- 
ing the border one smooth continuous curve, 
almost in contact with the chest wall, may give 
a false impression that there is no enlargement 
of the right ventricle. Even allowing for this 
there sometimes seemed to be a little increase 
of the left ventricle as well. Two cases where 
the left ventricle was larger than the right, with 
le't ventricular preponderance in the electro- 
cordiogram, have been omitted. 

None of these cases had the deep pulmonary 
bay of Fallot’s tetralogy. Two-thirds showed 
some concavity (figs. 1 and 6, left) and one- 
third moderate or great convexity in the pul- 
monary region (fig. 2). In some cases where the 
aorta is completely transposed, it may be re- 
sponsible for the shadow that is ordinarily the 
pulmonary artery (fig. 1, top left) and pulsation 
of the aorta may be thought to be pulmonary. 
In the majority of cases there is some promi- 
nence on the left border of the heart below the 
pulmonary are, indicating the infundibulum of 
the enlarged right ventricle (fig. 1, top left). The 
diameter of the heart is increased diagonally as 
well as transversely. 

Electrocardiography. Often the P waves were 
large and pointed but sometimes they were not 
remarkable. On the whole, the electrocardio- 
grams show no distinguishing features from 
those seen in Fallot’s tetralogy. 

The Lung Fields. There are two main fea- 
tures: general mottling of the lung fields and 
dilatation of the pulmonary arteries. In most 
patients both features are evident (fig. 2, center; 
i some, one or another predominates. Some- 
times it looks as if the pulmonary artery is 
represented by many branches that produce a 
special mottled appearance of the hilum ex- 
tending for varying distances into the fields 
(lig. 1, bottom left). Sometimes enlargement of 
the right and left pulmonary arteries may be 
hidden by the large heart (fig. 2, left). An un- 
sual degree of dilatation of the main pulmo- 
iary arteries is shown in figure 1, top left. 

The mottled density throughout the lung 

elds is generally obvious on the film but some- 
imes is better judged on radioscopy and should 


always be confirmed in this way. Pulsation in 
the pulmonary arteries is one of the main cri- 
teria for the selection of patients, and in at least 
half of them it can be seen easily in small 
branches out to the periphery. There is often 
a hilar dance. In very young children these 
mottled shadows may be the first sign of the 
increased pulmonary circulation and it is only 
in the course of a year or two that the full pic- 
ture emerges more clearly. Sometimes the pic- 
ture is very characteristic as early as 24 or even 
12 months. 

When a diastolic murmur is easily heard and 
maximal in the pulmonary area or when it fol- 
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CARDIAC —THORACIC RATIO 

Fia. 3. Chart showing the cardiothoracic ratio in 
these 25 cases of transposition of the aorta and 
pulmonary artery, (each case being shown by a solid 
circle) compared with 50 cases of Fallot’s tetralogy 
that have been divided into four groups, enlarged, 
large normal, normal, and small normal. In general, 
the heart is larger (average ratio 59.4 per cent) than 
in Fallot’s tetralogy. 


lows a loud booming second sound, it probably 
indicates pulmonary regurgitation. We thought 
there might be a close correlation between this 
and the hilar dance, but it was not so. Of 13 
sases of transposition in which pulsation was 
seen well out into the lung fields, 5 had diastolic 
murmurs in the pulmonary area and 8 had no 
diastolic murmur. A diastolic murmur in the 
pulmonary area is not therefore a requisite for 
increased pulmonary artery pulsation, nor is 
the degree of pulsation dependent on the pres- 
ence or absence of a pulmonary diastolic mur- 
mur. On the other hand, when such a murmur 
is present it is unusual not to have some in- 
creased pulsation in the lung fields. In acyanotic 
‘ases With pulsation in the lung fields, diastolic 
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murmurs have been heard in a much larger pro- 
portion of our cases. 

Differential Diagnosis. Difficulty in diagnosis 
may arise when there is increased collateral cir- 
culation to the lungs because of pulmonary 
atresia or severe stenosis in Fallot’s tetralogy. 
As a general rule collateral arteries are shown 
on x-ray films by an increase of streakiness or 
linear markings in the lung fields, or by small 
round spots when the vessels are seen in cross 
section. This contrasts with the denser and 
large patchy shadows, generally with clearly 
defined edges which show expansile pulsation 
or changing density on radioscopy; these are 


Ox capacity 


Case no. (vols. %) 


Right atrium 


The dilatation of the artery beyond a pul- 
monary valvular stenosis may cause some sil- 
perficial resemblance to these cases, but then 
pulsation will be slight or absent and tlie 
branches of the pulmonary arteries will he 
small and the lung fields light and clear. 

Some cases of Eisenmenger’s complex muy 
be confused with transposition and the differ- 
entiation may be difficult, especially when there 
is convexity of the pulmonary are. The late on- 
set of cyanosis is one point of distinction, aid 
radiologically there is less dilatation of thie 
smaller branches and pulsation and the mottled 
appearance of the lung fields are much less. 


TABLE 1.—Oxygen Percentage Saturation Obtained by Catheterization in Cases of Transposition 


Oz percentage saturation 


Systemic artery 
Right ventr. Pulm art. - 


Aorta Brachial 


29.2 39 41 50 53 
26. 57 61 62 71 
24.8 53 58 50 61 70 
25.3 60 54 75 2 — 
24. 60 58 64 84 _ 
20.§ 52 63 65 79 — 


The italic figures indicate the place where the left to right shunts become manifest, either through a ven- 
tricular septal defect or because the pulmonary artery is arising from the left ventricle. None of these patients 


showed any evidence of an atrial septal defect. 


TaBLeE 2.—Jntracardiac Pressures Found at Cardiac 
Catheterization in cases of Transposition 


Pressure mm. Hg* 
/ Pulmonary 
Case 

blood flow 
no. Right | Right | Pulm. Aorts x ne 


a ; ; L/min./sq.m. 
atrium | ventr. art. . : 
™ Direct | Brachial 


7 55 — 
12/0 | 89/16, — 


80t 100/60 
87/63t 90/45 
5/0  93/0t 94/53,100/68t 90/70 
2 | 35 | 72 75 
10 | 47 | 88 — 
8 | 65/10 80/50 — | 85/45 


100/70 


12/6 | 85/8 | — — |105/70 


* Single figures are mean pressures and double 
figures systolic and diastolic pressures. 

+ The reading in the left ventricle was 100/0 with 
a mean pressure of 45. 

t Direct reading inaorta: brachial artery pressures 
have been taken with sphygmomanometer. 


really pathognomonic of increased pulmonary 
blood flow. Sometimes they may need looking 
for carefully, especially in infants. 


THE FINDINGS ON CARDIAC CATHETERIZATION 
AND ANGIOCARDIOGRAPHY 


Six patients had cardiac catheterization and 
5 of these and 2 others had angiocardiography. 
In 3 the catheter entered the pulmonary artery, 
and in one of these the aorta also. All these 3 
showed a much higher oxygen saturation in the 
pulmonary artery (84 per cent) than in the 
aorta and its branches (70 per cent), proving 
that, functionally at least, there was transpo- 
sition. In the other 3 the pulmonary artery was 
not entered but the oxygen saturation of the 
aorta was even lower (65 per cent); in 2 of these 
the catheter entered the aorta only, but in the 
third no main vessel could be entered. 

Tn all the 6 cases there was evidence of a large 
left to right shunt through a ventricular septz! 
defect, but no evidence of an atrial septal de- 
fect. In all, the systemic pressure was rather 
low but there was a high pressure in the right 
ventricle and in the pulmonary artery in the 3 
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"ABLE 3.—F unctional Relationships of Aorta and Pul- 
nonary Artery tothe Two Ventricles in Transposition 





Case and Naren 


<a Pulmonary artery 


(0052) | Entirely from Entirely or mainly 
| #& %.* from L. V. 
Mainly (or entirely) Mainly from L. V.f+ 
from Rk. V.* 
| Mainly (24rds) from| Mainly (44ths) from 
i ¥.* | L.V. 
Some from R. V.* 
| Mainly Gov uateede About half from 
from R. V. iV. 
| | About 
| | RV. 
5 (0A06) | Entirely from R. v,| Partly from &. V.*f 
} (0175) | From single ven- | From single ven- 
tricle ? |  tricle ? 


2 (0145) 


3 (0109) 


(0076) 


half from 





Transposition with Pulmonary Stenosis 
(P088) | Entirely from R. V.| Equally from R. V. 
| & L. V. 





* Indicates that the catheter entered this vessel 
from the right ventricle. 

+ Films suggest lungs are partly supplied by 
bronchial arteries. 

t Catheterization suggests mainly from right ven- 


tricle but angiocardiography suggests more from left 
ventricle. 


= : 
| | | | 
Age when | 
first seen | 
& sex 


Club- | Squat- 


Disabil- | 
bing | ting | 


Degree 
ity of 


cyanosis | cyanosis 


9M 
4M 
11M 
13 M | 
6M | 


| birth 
| birth 
| birth 
| 7 mo. 
birth 
6 wks. | 
birth | 
4 | 5 wks. | 


| (s)* | 
No 


Pee ee eee 


] 


|No | 23 | 4 
—| 4 | 4 


| inf. 
3M | | birth 


TABLE 4.—Some Clinical Data with Heart Size and Blood Counts 


| Onset of | Aortic |—— 
arch | 


L 
L 
L 
I 


I 

L 
L 
L 


L 
L 


335 


Angiocardiograms were of value in showing 
the aorta arising entirely or partly from the 
right ventricle in every case. In case 1 the aorta 
came entirely from the right ventricle in the 
position that is normally occupied by the pul- 
monary artery, and the pulmonary artery came 
mainly or entirely from the left ventricle. In 
some of the others, the transposition was less 
complete though the aorta arose mainly or 
partly from the right ventricle. They showed 
late fillings of the pulmonary arteries in spite 
of their large size and the large pulmonary 
flow. They provided some direct evidence that 
the pulmonary arteries filled mainly or entirely 
from the left ventricle, except perhaps in case 
2 where the hilar shadows were suggestive of 
lungs filling from bronchial arteries (fig. 1, bot- 
tom left; ref. 7). Angiocardiograms did not al- 
ways give as clear a picture as was hoped, but 
if there are shunts in both directions, complete 
clarity can only be expected in the very early 
stages after the injection of the Diodone. The 
arm to lung and arm to tongue circulation 
times were very close, giving further evidence 
of a right to left shunt 


Blood count Heart size 


Red 
cells 
ee | 


Cardio- | Max. trans- 
| thoracic | verse diame- 
| ratio ter (cm.) 


50 10.7 21. 
76 59 10.3 1 
62 56 
Gf | 
60 
56 
64 
72 


Transverse 
diameter of 
| chest (cm.) 


Hemo- | 


a | Hemato- 
| globin | 


crit 
148 
130 
122 
130 
116 
} 115 
| 107 
| 146 | 


77 


bo 00 b> 00 
on 


PRON AN®W 
QOH 


nAonannnonp 


m Noto or 


7.6 


Cases with infundibular aii also Siena control) 


132 
132 


9.8 
8.3 


80 





* No true squatting but sitting with legs crossed tile. a tailor. 


cuses where it was measured (see tables 1, 2, 3, 
4). The blood flow to the lungs was increased 
i. these 3, and the systemic flow was thought 
t» be increased in all, but not always greatly so. 
Holling and Zak" have referred shortly to 3 of 
t 1ese cases. 


Case 1 (0052). The heart showed some enlarge- 
ment of the right ventricle only. There was a con- 
cave pulmonary bay and great dilatation of both 
pulmonary arteries (fig. 1, top left). These showed 
expansile pulsation right out to the periphery with a 
hilar dance. 

On cardiac catheterization the right ventricle 
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was entered easily and the mean pressure (55 mm. 
Hg) was much inereased. The aorta was entered 
easily from the right ventricle (fig. 1, top right) but 
the pulmonary artery could not be entered. There 
was a left to right shunt through a ventricular septal 
defect, the oxygen saturation rising steadily from 
44 per cent low in the right ventricle to 53 per cent 
in the aorta. 

The aorta therefore comes entirely from the right 
ventricle and arises exactly in the position normally 
occupied by the pulmonary artery (our fig. 4, and 
reference 8, fig. 18). A very similar case has been 
reported by Goodwin and co-workers." 


Case 2 (0145). The heart was enlarged, especially 
the right ventricle, and the pedicle was narrow. The 


filling, which is unusually early. The pulmonary 
artery was not well seen and the lungs hardly starte: 
to fill until three seconds, probably from the lef 
ventricle, though some filling by the bronchial a1- 
teries could not be excluded. 


Case 3 (0109). The heart was moderately larg: 
with a convex pulmonary are (fig. 2, right). Densit: 
of the lung fields was increased and there was ex 
pansile pulsation, sometimes out to the periphery. 

The oxygen saturation of 70 per cent in the aort 
and of 84 per cent in the pulmonary artery proved 
functional transposition. The right ventricle, an 
from it the aorta, was entered easily. Later, th 
pulmonary artery was entered apparently afte 
passage through a fairly large ventricular septal de- 


Fig. 4. Angiocardiograms from Case 1 with complete transposition, showing the aorta arising from 
the right ventricle in the position usually occupied by the pulmonary trunk. (Left). At two seconds, 
the U-shaped right side of the heart and the aorta and its branches are well filled. There is no change 
of density of the lung fields, though the greatly dilated pulmonary arteries could always be seen. 
(Right). At six seconds the aorta and its branches still show some filling, and there is moderate filling 
of the left ventricle and of the pulmonary branches. 


density of the lung fields was greatly increased, 
especially above the right hilum (fig. 1, bottom left), 
and expansile pulsation was easily seen, sometimes 
out to the periphery. 

On cardiac catheterization the right ventricle and 
aorta were entered easily (fig. 1, bottom right). A 
moderate left to right shunt through a ventricular 
septal defect must have been high, as it had more 
effect on the oxygen saturation in the aorta than in 
the right ventricle. The pulmonary artery was not 
entered. 

The aorta therefore rises mainly from the right 
ventricle but acquires some blood from the left 
ventricle direct or through a high ventricular septal 
defect, which is the site of the left to right shunt. 

Angiocardiography showed the aortic arch well 
filled at two seconds and the subclavian already 


fect. This entry of both main vessels is very unusual. 
The oxygen saturations of the right ventricle and the 
aorta show a fairly large left to right shunt through 
a high ventricular septal defect. Almost four-fifths 
of the blood in the pulmonary artery must come 
from the left ventricle. 

The aorta overrides both ventricles, mainly the 
right: it must take some blood from the left, as the 
arterial saturation in the right ventricle is only 6! 
per cent; the amount taken from the right ventricl 
must be between three-fifths and five-sevenths. Th 
shunts through the ventricular septal defect wer 
thought to be about 1.8 liters in each direction, anc 
this represents the functionally effective circulatio: 
to the lungs. Angiocardiography was not carried out 


Case 4 (0076). The heart was slightly enlarged, 
this being due to the right ventricle: there was som 
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rominence of the pulmonary are (fig. 2, center). 
-ulmonary arteries and their branches were moder- 
tely dilated, with pulsation out to the periphery 
nd a hilar dance. 

Cardiac catheterization (September 15, 1948). 
‘he rise in oxygen saturation from right atrium to 
ight ventricle and from right ventricle to pulmonary 
rtery indicated a left to right shunt through a high 
entricular septal defect, and a pulmonary artery 

overriding both ventricles. Between one-third and 
cne-half of the blood in the pulmonary artery 
comes from the left ventricle. 


they are large and pulsatile, shows that their main 
supply is from the left, not from the right ventricle 
(fig. 5, right). The left ventricle is filled at four sec- 
onds so there is a septal defect. At 15 seconds the left 
heart is still opaque instead of being clear by 10 
seconds, further evidence that the acrta does not 
rise entirely from the right ventricle. This case cor- 
responds most closely to the one reported by Taussig 
and Bing." 


Case 5 (OA06) The heart was large, especially the 
right ventricle; the pulmonary are was concave and 


Fic. 5. Angiocardiograms, both at four seconds, from cases with transposition showing filling of the 
aorta from the right ventricle with very little filling of the lungs. (Left, Case 5). The right atrium and 
ventricle and the aorta and its branches are filled, but very little has passed to the left ventricle or 
to the pulmonary arteries. (Right, Case 4). At four seconds. The heart has filled fairly generally and 
the aorta and its branches are still seen as they had been from two seconds. The pulmonary arteries 
are only just starting to fill, probably from both ventricles, but the lungs show little increase in 
density. 


The aorta was not entered, but the low systemic 
oxygen saturation showed that it comes mainly or 
entirely from the right ventricle and further away 
from the ventricular septal defect than the pulmo- 
nary artery, as it was less affected than the latter by 

ie left to right shunt through the ventricular septal 
lefect. 

On angiocardiography the aortic arch fills at two 
seconds and the subclavian at three seconds. The 
aorta, therefore, comes off the right ventricle but 

it in the same position as in case 1, and may over- 

de the left ventricle somewhat. A high dilated 
aulmonary artery also shows up at two seconds and 
ore easily at three seconds, and also the border of 
ie right ventricle, showing that the pulmonary 
6 tery comes, partly at least, from the right ventricle. 
he poor filling of the pulmonary branches, although 


the pedicle broadened in the oblique view (fig. 2, 
left). The pulsation and the density of the lung 
fields increased during two years observation. 

On cardiac catheterization the right ventricle and 
the left pulmonary artery were entered easily but the 
route seemed somewhat unusual. There was a large 
left to right shunt through a ventricular septal de- 
fect, the oxygen saturation rising from 64 to 84 per 
cent. The oxygen saturation in the pulmonary artery 
was close to that in the right ventricle; from this the 
pulmonary artery seemed to arise normally, but 
angiocardiography suggested that it overrode the 
left ventricle to a great extent (fig. 5A). 

The blood in the systemic arteries was only 70 
per cent saturated. As the blood in the right ven- 
tricle was 84 per cent saturated and that in the left 
ventricle must have been more than this (to ac- 
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count for the increasing oxygenation caused by the 
left to right shunt through the ventricular septal 
defect) the aorta must have come entirely from a 
part of the right ventricle that was well away from 
the effects of the ventricular septal defect, while the 
catheter must have been much nearer it when the 
right ventricular figures were obtained. The only 
other possibility, that the catheter was in the left 
ventricle, seems unlikely. 

Case 6 (0175). The heart was much enlarged; 
there was extreme dilatation of a main trunk in the 
normal position of the pulmonary artery. The lung 
fields seemed typical of transposition and pulsation 
was easily seen out to the periphery, with a hilar 


Case 7 (H113). Doubt was felt about the density 
of the lungs, but they were accepted as consisten‘ 
with a reduced blood flow and heavy lung marking 
from a collateral circulation. At operation, the pul 
monary artery was large and pulsated vigorously. 
The pressure inside it was well above 85 cm. of salin: 
(the manometer did not measure above this), anc 
was probably the same as the systemic pressure 
which was only 90 mm. Hg. The patient was ther 
thought to have Eisenmenger’s complex, but trans 
position seems more likely. On screening two year 
later, pulsation was easily seen in the pulmonar 
arteries and in some of the rounded patches in th 
dense lung fields. 


Fic. 6. (Left, Case 8). Teleradiogram from case of transposition, not correctly diagnosed and sub- 
mitted for subclavian-pulmonary anastomosis. The increased blood flow to the lungs seems very 
obvious but hesitation was felt because of the clearness of the outer part of the left lung. (Right). 
Teleradiogram showing the increased hilar markings in case 9 where infundibular stenosis prevented 
the full picture typical of transposition. (see fig. 56'*). The discrete dense shadows that are pathog- 
nomonie of increased pulmonary blood supply are not present. 


dance. This case is not really helpful, as neither 
the aorta nor the pulmonary artery was entered on 
catheterization and there was thought to be a single 
ventricle. The angiocardiograms are also difficult to 
interpret. 

Another child has recently had angiocardiograms 
done by Dr. C. G. Parsons; we would like to thank 
him for letting us see these and agree that they 
confirm our clinical diagnos's of transposition. 


Two Cases WHERE THE D1aGnosis Was MapE 
AT OPERATION 


The findings at operation in 2 other children 
who were wrongly diagnosed as Fallot’s tetral- 
ogy supported the diagnosis of transposition. 
We are indebted to Mr. R. C Brock for these 
observations. 


Case 8 (F029). On x-ray examination there was a 
narrow pedicle; in retrospect, it seems obvious that 
the blood flow to the lungs was increased, but pulsa- 
tion, which could be recognized later, was missed on 
screening the increased shadows were thought to 
be due to collateral circulation (fig. 6, left). On angio- 
-ardiography the right side of the heart and the aorta 
and its branches were well filled at 2 seconds without 
any change in the density of the lungs, which only 
started filling slowly at 3 seconds. 

At operation the left pulmonary artery, about 1.5 
em. in diameter and with a high pressure, was larger 
than the aorta. On opening the pericardium the 
diagnosis of transposition was confirmed. The 
small aorta arose from the right ventricle and the 
large pulmonary trunk, fully 3 em. in diameter, 
from the left ventricle. She made an uneventful 
recovery. 
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These two cases reinforce the points we have 
given in the differential diagnosis of increased 
density due to transposition and due to a col- 
lateral circulation. Unless the site of the steno- 
sis can be demonstrated, angiocardiography 


beets 


) Puc. ARTERY 


TRANSPOSITION WITH PULMONARY 
INFUNDIBULAR STENOSIS 


We are adding 2 cases with necropsies where 
complete transposition of the aorta and partial 
or complete transposition of the pulmonary 


Fia. 7. (Left). External view of the heart of case 9. The aorta arises from the right ventricle. The 
pulmonary trunk and pulmonary arteries with walls spread out are seen alongside, with a probe enter- 
ing the narrow pulmonary valve orifice. A dilated coronary vessel, cut open down its length, and the 
interventricular groove can be seen. (Right). The cavity of the hypertrophied right ventricle (R.V.) 
and the large defect high up in the interventricular septum (B). The aorta is seen on the right with a 
large aortic valve sinus (A). To the left the cavity of the right atrium (R.A.) and the slit communi- 


cating with the left atrium are seen. 


oes not always distinguish between lungs that 
re not filling because there is pulmonary steno- 
is, or because the pulmonary artery arising 


rom the left ventricle cannot fill until later 


vhen the blood has reached this chamber. 


artery were complicated by infundibular steno- 
sis. This last prevents the development of the 
changes generally found with transposition, so 
that there may be rather prominent lung shad- 
ows without increased pulsation. Both these 
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vases were thought to have Fallot’s tetralogy, 
perhaps with some other complications. The 
first, who died after operation, had already 
reached the age of 24 years and is reported here. 
In the second (case 10), there was complete 
transposition, high grade infundibular stenosis 
affecting the outflow tract to the pulmonary 
artery, and almost a single ventricle. His case 
will be reported later with some other examples 
of single ventricles. 


Case 9 (F088), aged 24, was cyanosed from birth, 
and could walk a quarter of a mile but no more. 
When 16, and again when 20, she had hemoptysis. 
She could only do easy housework but married and 
had one miscarriage. 

Her cyanosis, clubbing, and polycythemia were 
extreme. There was a systolic murmur loudest below 
the pulmonary area, sometimes with a soft systolic 
thrill, and the pulmonary second sound was in- 
creased. There was no diastolic murmur. The blood 
pressure was 115/85. The electrocardiogram showed 
gross right ventricular preponderance with a large 
pointed P wave in lead II. 

The heart was not generally enlarged (cardio- 
thoracic ratio 49), but only the right ventricle. On 
screening, the base shadows seemed increased with 
some mottling of the lungs (fig. 6, right); in the 
absence of pulsation this was thought to be due to 
collateral circulation. On catheterization the pul- 
monary artery was not entered; a pressure of 80 mm. 
Hg in the right ventricle and an arterial oxygen 
saturation of 65 per cent were thought to support 
the diagnosis of pulmonary stenosis and a large 
right to left shunt. 

Operation was decided on after some hesitation 
because of the lung fields, since she was becoming 
more disabled. Various difficulties prevented com- 
pletion of an anastomosis. She remained drowsy 
afterwards and was not seen to move her right arm; 
she deteriorated and died 24 hours after operation. 

Necropsy. Defect of atrial septum. Large ventricular 
septal defect. Infundibular stenosis. Fusion of two 
pulmonary valve cusps but no stenosis. Pulmonary 
artery overriding and to left of aorta. Aorta much 
dextroposed and arising from right ventricle. 

The heart was enlarged (400 Gm.) and rather 
quadrilateral in shape. The right ventricular muscle 
was hypertrophied, its thickness at the apex being 14 
mm. compared with 11 mm. for the left ventricle. 
The right atrium was dilated, with a large coronary 
sinus and a slit-like defect in the anterior part of the 
septum measuring 5 by 2mm. There were three small 
vegetations, partly calcified, on the tricuspid valve. 
The right ventricle communicated with the left 
through a large defect of the upper part of the sep- 
tum, 30 mm. in diameter (fig. 7, right). 

The pulmonary artery was normal but  thin- 
walled, and its diameter was 10 mm. against 24 mm. 


for the aorta: it overrode the septal defect, slightly 
to the left of the aortic orifice. The infundibulum, 
20 mm. below the pulmonary valve ring, measured 
only 5 mm. across and a projecting mass of endo- 
cardium increased the infundibular stenosis. There 
was partial fusion of two pulmonary valve cusps, 
but no stenosis. The dextroposed aorta (fig. 7, left) 
arose from the right ventricle. 

The right coronary artery was normal. The left 
arose from the left anterior aortic cusp and was as 
large as a normal carotid artery, but soon divided 
into a normal left and an aberrant branch running 
downwards over the right ventricle to the right 
anterior branch of the left coronary artery. There 
were many arteries passing to the lung hilum, some 
apparently bronchial arteries. 

The spleen was enlarged (400 Gm.). The diagno- 
sis of thrombocytopenic purpura had been made in 
life. The other findings were not remarkable and 
no gross abnormality of the brain was found. 

Sections showed hypertrophy of the muscle cells 
and much replacement fibrosis, diffusely spread 
through the whole muscle of the right ventricle. 
There was no hypertrophy but a few similar patches 
of fibrosis in the left ventricle. 


SUMMARY AND CONCLUSIONS 


Most cyanotic children with congenital heart 
disease have a diminished blood flow to the 
lungs (pulmonary oligemia). Some, however, 
show increased shadows around the hilum and 
for varying distances out into the lung fields, 
often with large right and left pulmonary ar- 
teries and with striking pulsation there and 
even in the small branches out to the periphery. 
These changes are somewhat like those seen in 
atrial septal defect in acyanotie cases and in- 
dicate an increased blood flow (pulmonary ple- 
onemia). 

In addition to the large left to right shunt 
there is an extra factor giving rise to a right to 
left shunt and to the cyanosis of these children; 
this extra factor is generally complete or partial 
transposition of the aorta and pulmonary ar- 
tery, with a septal defect that is usually ven- 
tricular. 

The prognosis is generally bad, the patient 
dying in the first few months. If, however, the 
septal defects are large enough for adequate 
mixing of the circulations of both sides of the 
heart, so that the child survives infancy, there 
is no reason why it should not survive mucl 
longer. 

We thought 25 children with pleonemic lungs 
among the first 400 with cyanotic congenita! 
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leart disease had complete or partial transpo- 
sition of the aorta and pulmonary artery. The 
selection was made on the appearance of the 
ling fields on radioscopy and teleradiograms; 
and expansile pulsation of the pulmonary 
branches was the main criterion. 

Six of our children had cardiac catheteriza- 
ton, and 5 of the 6 and 2 others have had 
angiocardiography. These results have been de- 
scribed fully. In 3, the oxygen saturation of the 
pulmonary artery was much higher than that 
of the aorta, proving that, functionally at least, 
there was transposition; and in the other 3 this 
diagnosis was supported indirectly. Angiocar- 
diography proved that the aorta arose from the 
right ventricle in 2, and in one of these in the 
position normally occupied by the pulmonary 
artery. In the others the aorta probably over- 
rode both ventricles. In all these there was evi- 
dence that the pulmonary artery arose—en- 
tirely or mainly or at least half—from the left 
ventricle. In one of these there may have been 
a single ventricle. In two others the diagnosis 
was made after the findings at operation. 

In these cases of transposition, cyanosis is as 
severe as in Fallot’s tetralogy, and much more 
constantly has been noticed from birth. The 
general appearance and the clubbing of the 
fingers are similar but the hemoglobin is not so 
often above 140 per cent. In addition, there is 
often an unusual degree of dilatation of the 
veins over the dorsal aspect of the fingers that 
may be suggestive of the diagnosis of transpo- 
sition. Only a few of these children squat ha- 
bitually. 

A systolic murmur, generally maximal on the 
left side in the pulmonary area, is present in 
two-thirds of these cases. A thrill may accom- 
pany this, but much less often than with Fal- 
lot’s tetralogy. A diastolic murmur, generally 
maximal in the pulmonary area, is present in 
one-fourth of these cases. 

An important physical sign is the quality of 
the pulmonary second sound, which is generally 
loud and booming and may be palpable; this 
alone may be enough to exclude Fallot’s tetral- 
ocy. It suggests that large pulmonary arteries 
wll be seen on screening, probably with high 
pulmonary pressure. 

The heart is larger than in Fallot’s tetralogy, 
the average cardiothoracic ratio being 59 per 


cent, and is also of a different shape. The pul- 
monary arc is typically concave but may be 
convex, sometimes greatly so from dilatation of 
the pulmonary trunk or from misplacement of 
the aorta. The right ventricle is nearly always 
enlarged on radioscopy and there may be some 
increase of the left ventricle also. 

There are three main features in the lung 
fields; (1) the general mottling and increased 
density, (2) the dilatation of the pulmonary 
arteries and of their main branches, and (3) the 
expansile pulsation. The first two features are 
well seen on the film, but may be better assessed 
on radioscopy because then the degree of pulsa- 
tion can also be taken into account. 

Sometimes the pulsation seen on screening 
amounts to a well-marked hilar dance. There is 
no close correlation between the presence of a 
hilar dance and of a diastolic murmur to sug- 
gest that the former is due to pulmonary re- 
gurgitation. Nevertheless, a pulmonary dias- 
tolic murmur in a cyanotic case should suggest 
the probability of visible pulsation in the lung 
fields. 

Right ventricular preponderance is the gen- 
eral rule and there is often a large pointed P 
wave in lead II, so that the electrocardiogram 
is very similar to that of Fallot’s tetralogy. 

Difficulty in diagnosis may arise when there 
is a heavy collateral circulation to the lungs. 
Generally this shows as an increase of linear 
markings in the lung fields or small round spots 
when the vessels are seen in cross section. In 
contrast, cases with transposition show patchy 
shadows, often with clearly defined edges, with 
expansile pulsation or changing density on radi- 
oscopy. These changes are pathognomonic of 
increased pulmonary blood flow and in a case 
with central cyanosis generally indicate partial 
or complete transposition of the aorta and pul- 
monary artery. 

We have also described 2 cases of transposi- 
tion of the aorta and pulmonary artery with 
infundibular stenosis where the diagnosis was 
proved by necropsy. The picture of transposi- 
tion is obscured by the effects of the stenosis 
and may be confused with Fallot’s tetralogy. 


APPENDIX: CASE NOTES 


Case 1 (0052), seen in 1947, aged 9 years. Able to 
walk only a few yards at a time. Cyanosis dating 
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from birth fairly severe, with gross clubbing of the 
fingers. No squatting but sitting with legs crossed 
like a tailor. 

Slight systolic murmur at apex and in second left 
intercostal space, with triple rhythm at apex due to a 
split first sound. No thrill and no diastolic murmur. 
Pulmonary second sound variable from slightly to 
greatly accentuated and drum-like, especially dur- 
ing expiration. Blood pressure 100/60. Extreme right 
ventricular preponderance with large and pointed 
P waves in leads II and III in electrocardiogram. 


Case 2 (0145), seen in 1948, aged 4 years. Cyano- 
sis of moderate severity since birth, not progressive. 
Moderately severe clubbing. Could walk only 150 
yards slowly. No squatting. 

Harsh systolic murmur left side, maximal at apex, 
with some splitting of first sound. Second sound in 
pulmonary area (and towards apex) moderately 
accentuated with short diastolic whiff following. 

Electrocardiogram: some right axis deviation but 
not characteristic of right ventricular preponderance 
in chest leads; QRS 0.08 second. 


Case 3 (0109), seen in 1948, aged 11 years. Able to 
walk only 200 yards but got about the house fairly 
well. Moderately cyanosed from birth with fairly 
severe clubbing and moderate polycythemia. Had 
not squatted. 

Systolic murmur in pulmonary area and at apex. 
Pulmonary second sound very loud and booming, 
and sometimes with a diastolic murmur after it and 
also at apex. Blood pressure, 90/70. Extreme right 
ventricular preponderance; some increase of P 
waves. 


Case 4 (0076), seen in 1947, aged 13 years. Fairly 
severe and progressive cyanosis from 7 months old. 
Severe clubbing of fingers. “Pneumonia” at 2, 9, 
and 11 years of age. Recurrent bronchitis and 
asthma, often with hemoptysis. Sometimes able to 
walk slowly up to half a mile or more, improving 
during last two years. Began to squat at the age 
of nine. 

Harsh systolic murmur maximal in pulmonary 
area with faint systolic thrill. Second sound in pul- 
monary area always accentuated and _ palpable, 
sometimes strikingly so. Short diastolic murmur 
sometimes heard after pulmonary second sound, es- 
pecially when this is greatly accentuated, and also 
heard at apex. Blood pressure, 110/80. Electro- 
cardiogram, right ventricular preponderance with 
large and pointed P waves in lead IT. 


Case 5 (0A06), seen in 1947, aged 6 years. Cyano- 
sis of moderate severity from birth with moderate 
clubbing of fingers. Can now walk only 100 to 200 
yards slowly without panting for breath; has be- 
come worse. Squats, but less than many patients. 

Widespread systolic murmur, maximal in the 
second left intercostal space, and faint systolic 
thrill. Diastolic murmur well heard at apex. Second 
sound in pulmonary area much accentuated. Elec- 


trocardiogram, extreme right preponderance with 
large and pointed P wave in lead II. 


Case 6 (0175), seen in 1948, aged 11 years. Moder- 
ate cyanosis from 6 weeks old, and moderate clu))- 
bing. Can generally walk only 200 yards but some- 
times nearly a mile slowly. No true squatting but 
sits with legs crossed like a tailor. 

Rough systolic and diastolic murmurs in pu'- 
monary area and at apex. Systolic and diastol ¢ 
thrill at apex. Pulmonary second sound accentuate 1 
and drumlike. 

Electrocardiogram, some left axis deviation in 
standard leads, but right ventricular preponderance 
in chest leads, large R and absent S with T wave 
inversion in leads V; through V5. QRS complexs 
widened and notched with P-R interval of 0.28 
second. P waves large and rather broad in leacs 


I and II. 
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The Dynamics of Kisenmenger’s Complex 


An Integration of the Pathologic, Physiologic 


and Clinical Features 


By H. Gotppere, M.D., E. N. Stirper, M.D., A. Gorpon, M.D., anp L. N. Karz, M.D. 


Pulmonary venous blood and pulmonary venous pressure were obtained by catheterization technic 
in a case of Eisenmenger’s complex with anomalous pulmonary venous drainage into the right 
auricle. This made possible measurement of the true total pulmonary vascular resistance and 
evaluation of a pulmonary factor in the cyanosis accompanying this anomaly. No evidence for 
inadequate oxygenation in the lungs was apparent, and it is concluded that the cyanosis in Eisen- 
menger’s complex is due solely to venoarterial shunting. 


HE pathologic anatomy of the heart in 

Eisenmenger’s complex has been known 

for more than 50 years! and considerable 
progress has been made in its clinical recogni- 
tion.2 Recently, striking morphologic changes in 
the intrapulmonary vessels have been demon- 
strated in this anomaly*-*; yet the pathophysiol- 
ogy underlying many of its manifestations, for 
example, delayed cyanosis, has remained con- 
fused. It has been postulated that the cyanosis 
may result from (a) some congenital abnormal- 
ity of the pulmonary epithelium or capillaries 
which interferes with the complete oxygenation 
of the blood in the lungs*:? or (b) that blood is 
sucked from the right ventricle directly into 
the aorta by the vigorous pumping action of the 
left ventricle.” 

The application of cardiac catheterization to 
the investigation of congenital heart disease has 
provided the means for a physiologic approach 
to the study of the clinical features of this 
disease. From such studies it has been learned 
that pulmonary hypertension and systemic ar- 
terial unsaturation are two of the physiologic 
derangements consistently present in Eisen- 
menger’s complex. 

Recently, we had the opportunity to study an 
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unusual case of Eisenmenger’s complex by car- 
diac catheterization, in which, in addition to the 
usual features, anomalous pulmonary venous 
drainage into the right auricle wasdemonstrated 
by the entrance of the catheter into one of these 
veins during the procedure. This afforded us the 
unique opportunity to measure directly the 
vascular resistance to blood flowing through the 
lungs and to determine whether or not a pul- 
monary factor for the production of cyanosis 
actually exists in this condition. The informa- 
tion obtained from this case, when correlated 
with that of other investigators,®: ° makes it 
possible to present a logical sequence of the 
natural history of the disease. 


CasE Report 


The patient, a 19 year old white girl, was sent to 
Michael Reese Hospital for investigation of a ‘‘heart 
condition” known to have existed since birth. Al- 
though physical activity was limited, the patient 
considered herself to be in good health until three 
years prior to this admission at which time she 
developed pneumonia. Since that illness the patient 
had noticed increasing dyspnea and cyanosis; the 
latter, intermittent at first, was now persistent. 
There was no history of squatting. 

Physical examination revealed a well nourished 
girl who appeared small for her stated age. There 
was marked cyanosis of the lips and nail beds. She 
did not appear dyspneic and clubbing was not 
present. Examination of the heart revealed that the 
apex beat was palpable in the left fifth intercostal 
space at the midclavicular line. The second pul- 
monic sound was associated with a palpable shock 
in the second left intercostal space. Except for 
dullness over the lower sternum, there was no evi- 
dence of cardiac enlargement on percussion. The 
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second pulmonic sound was markedly accentuated 
and greater than the second aortic sound. A grade 
II systolic murmur was heard in the pulmonic area 
and at the fourth intercostal space near the left 
sternal border. No diastolic murmurs were heard. 
The blood pressure was 112/80. There were no signs 
of congestive heart failure. 


Using Decholin to determine the circulation time, 
two end points were obtained: one at 14 seconds 
and the other at 23 seconds. The hemogram re- 
vealed a red blood cell count of 5.3 million per cu. 
mm. and 16.8 Gm. hemoglobin. 

On fluoroscopy the striking feature in all view 
was the markedly enlarged pulmonary artery anc 


Fig. 1. Anteroposterior roentgenogram of the chest showing the catheter in the right inferior 
pulmonary vein which drains into the right auricle in this ease. Note the markedly enlarged ‘“‘main”’ 


pulmonary artery and its right hilar branch. 


Fic. 2. Diagram of the roentgenogram in figure 1 


Fig. 3. Pressure curve (upper) obtained with 
catheter in the anomalous pulmonary vein. Note the 
venous character of the pulse. The electrocardic- 
gram, lead II, is below. Time is in 0.04 second, sca!e 
for electrocardiogram is 0.1 millivolt. Discussed i 
text. 
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Fic. 4. On the left is a continuous record of the pressure curve obtained from pulmonary artery 
and during withdrawal of the catheter from the pulmonary artery into the right ventricle so that 
catheter opening lay in the former during systole and in the latter during diastole. On the right is 
a later strip with the catheter opening entirely within the right ventricle. Lines as in figure 3. 


Discussed in text. 


its hilar branches. These vessels as well as their 
intrapulmonary branches were hyperdynamic. The 
lung fields showed increased vascularity. In the 
right anterior oblique position enlargement of the 
outflow tract of the right ventricle was noted. All 
other chambers were within normal limits. Laminar 
calcification in the main pulmonary artery was 
demonstrable by teleroentgenogram in the left ante- 
rior oblique view. The electrocardiogram revealed 
right heart strain. 

Cardiac catheterization was performed without 
anesthesia according to the technic of Cournand and 
Ranges.!° During the procedure the catheter was 
passed from the right auricle directly into the right 
lung field (figs. 1 & 2), suggesting entrance into an 
anomalous pulmonary vein.'! The pressure curve at 
this site was a venous pulse (fig. 3) and blood ob- 
tained was 91.4 per cent saturated, confirming our 
fluoroscopic impression. The catheter was then with- 
drawn into the right auricle and advanced into the 
right ventricle and right pulmonary artery. Pres- 
sures were recorded in the right pulmonary artery, 
main pulmonary artery and the right ventricle 
(fig. 4), right auricle and pulmenary vein, and blood 
samples were withdrawn from these sites as well as 
from the superior and inferior venae cavae and from 
the brachial artery. Blood oxygen content was deter- 
mined by the method of Van Slyke and Neill.!? 
Oxygen consumption was calculated from expired 
air collected Tissot spirometer and gaseous 
oxygen determined by the Pauling gas analyzer. 
The data obtained during catheterization are summa- 
rized in table 1. 

3lood obtained from the anomalous pulmonary 
vein had an oxygen content of 20.3 volumes per cent 
Which is 91.4 per cent saturated. This blood may 
be considered to be fully saturated (95 per cent), 
since the latter would correspond to 20.9 volume 
pe cent and the difference between this figure and 
th» one obtained falls within the range of error of 
th: method of blood gas analysis.!* The maximum 
diference in oxygen content of blood samples from 
verious chambers is within the accepted normal 


TABLE 1.—Summary of Data in Case R. P. 


Oxygen Intracardiac Pressures 
Site of Catheter Content 
Vol. % 


Systolic | Diastolic | 


mm.Hg | mm.Hg | mm. Hg 
Right Pulmonary 
Artery 4, 110 60 85 
Main cane 
Artery. Atte P 110 85 
Right V entricle: 110 30 
a) near pulmonic 
WHIWO Re os sian: 
b) midventricle. .. 
c) near tricuspid 
MACOS or. eee 
Right Auricle: 
a) near tricuspid 
RROr cts: 
b) midauricle..... 
c) near superior 
vena cava 
Superior Vena Cava. 
Inferior Vena Cava. | 
Pulmonary Vein.... 


Brachial Artery: 
Oxygen content 17.1 vol. per cent; capacity 
vol. per cent 
Oxygen saturation 77 per cent 
Oxygen pressure 112/80 mm. Hg 
Resting Oxygen Consumption: 206 cc. per minute 
Cardiac Output: 
Systemic Blood Flow.............9.23 L. per min. 
Pulmonic Blood Flow...... 3.76 L. per min. 
Effective Pulmonic Blood Flow...3.76 L. per min. 
Intracardiac Shunt: 
Right to left through overriding aorta—5.47 L. per 
min. 
Pulmonary Vascular Resistance—1731 dynes sec- 
ond em.~ 
Systemic Vascular Resistance—813 dynes second 
em.~® 
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range of variation.'*:!® Hence there is no demon- 
strable significant left-to-right shunt despite the 
presence of an anomalous pulmonary vein entering 
the right auricle. The peripheral unsaturation (77 
per cent) in the presence of fully saturated blood 
returning from the lungs indicates a right-to-left 
shunt. The findings of identical systolic pressures in 
the right ventricle, pulmonary artery, and brachial 
artery indicates that the aorta and pulmonary 
artery are in communication with the right ventricle. 
The absence of a systolic pressure gradient between 
the pulmonary artery and the right ventricle rules 
out the presence of pulmonic stenosis.'® Hence the 
combination of an over-riding aorta, high interven- 
tricular septal defect, right ventricular hypertension 
without pulmonic stenosis establishes the diagnosis 
of Eisenmenger’s complex. 


DISCUSSION 


Ever since the classic work of Lundsgaard 
and Van Slyke” the venoarterial shunt has been 
considered the chief cause of cyanosis in con- 
genital heart disease. In favor of this is the fact 
that fully saturated blood from the pulmonary 
vein has been obtained in cyanotic patients 
with various forms of congenital heart disease, 
such as auricular septal defect’® and tetralogy 
of Fallot.’ Friedlich and associates?’ also con- 
cluded that blood leaving the lungs is fully 
saturated on the basis of pulmonary venous 
blood obtained in 24 cases of congenital heart 
disease. It might be reasonable to assume that 
in Eisenmenger’s complex a similar situation 
prevails. However, Burwell® and Taussig and 
Blalock’ have suggested that in Eisenmenger’s 
complex a pulmonary factor is operative in 
addition to the right-to-left shunt responsible 
for the systemic arterial unsaturation. This was 
based on the fact that arterial saturation could 
be raised when the patient was breathing pure 
oxygen. They claimed that there is an altera- 
tion in the pulmonary alveolar lining or capil- 
laries which prevents complete oxygenation of 
the blood passing through the lung. The finding 
in our case of marked peripheral unsaturation 
in the presence of fully saturated blood ob- 
tained directly from the pulmonary vein indi- 
cates that the unsaturation in the systemic arte- 
rial blood is due solely to venoarterial shunting 
of blood. This eliminates a pulmonary factor as 
a contributing cause for cyanosis in Eisen- 
menger’s complex. 

For the first time in Eisenmenger’s complex, 


a measure of the total pulmonary vascular 
resistance was made possible by directly obtain- 
ing the true pulmonary venous pressure. Pie- 
viously calculations were made either by assumi- 
ing the pulmonary venous pressure to be ze1o* 
or by utilizing pulmonary “capillary” pressu e 
as an index of pulmonary venous pressur .° 
The pulmonary vascular resistance was of tl:e 
order of 1730 dynes second em.~* which is a»- 
proximately 25 times the normal.’ In a second 
case studied by us the pulmonary vascular 1e- 
sistance index was over 5000 dynes second 
em. calculated by the method of Bing.’ [n 
both cases the resistance of the pulmonary c'r- 
cuit appeared to be twice that of the systemic 
circuit. 

A constant finding in Eisenmenger’s complex 
is pulmonary hypertension. Our 2 cases were no 
exceptions. Blood pressure is determined by two 
factors—blood flow in the arteries and _peri- 
pheral resistance. The pulmonary pressure in- 
crease may therefore result from an increase in 
the amount of blood flowing through the pul- 
monary artery and/or an increase in the periph- 
eral resistance in the pulmonary vascular 
bed. The latter may be due to an increased pul- 
monary venous pressure, an increased viscosity 
and/or a narrowing of the peripheral pulmo- 
nary vascular bed. In Eisenmenger’scomplex the 
pulmonary blood flow is either low or normal, 
and the pulmonary venous pressure is also 
normal. Increased blood viscosity resulting 
from polycythemia is an unlikely etiologic fac- 
tor. In the tetralogy of Fallot we have ob- 
served,”! as has Dexter,® hematocrits as high as 
or higher than those found in Eisenmenger’s 
complex, yet the pulmonary arterial resistance 
does not approach the order of magnitude ob- 
tained in the latter condition. Moreover, in 
chronic cor pulmonale, it has been noted that 
elevated hematocrits occur with pulmonary hy- 
pertension” of a degree considerably less than 
that found in Eisenmenger’s complex. By ex- 
clusion therefore, it may be concluded that the 

‘ause for the elevated pulmonary arterial pres- 
sure in Eisenmenger’s complex is a narrowing of 
the peripheral pulmonary vascular bed. 

In normal individuals the systemic circuit 
offers a considerable resistance to the bloo:l 
flowing through it, in contrast to the relatively 
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smull resistance offered by the pulmonary cir- 
cuit. If a similar relationship existed in Eisen- 
menger’s complex in the presence of a physio- 
logi¢ common ventricle, all the blood ejected 
by the heart would be shunted through the pul- 
mcnary artery to the lung with little or none 
going through the aorta to the systemic circuit. 
Under these circumstances, the pulmonary cap- 
illsries could be subjected to abnormally high 
pressures resulting in pulmonary edema and 
de:'th of the individual. The existence of the 
high pulmonary arteriolar resistance serves to 
re:djust such potentially dangerous disturb- 
ances in circulatory dynamics, thereby ‘‘pro- 
tecting” the capillary bed from such untoward 
effects. 

Since there is little evidence to support the 
existence of an active vasomotor control over 
the pulmonary vascular tree,” it would appear 
that the major cause for the resistance to flow 
through the pulmonary arterial tree in the es- 
tablished Eisenmenger’s complex is organic 
change in the pulmonary arterioles. Such strue- 
tural changes have recently been found in 3 
cases of Eisenmenger’s complex by .Edwards.! 
The changes observed were primarily in the 
muscular arteries. In the 2 older patients 
these changes consisted of medial hypertrophy, 
narrowing of the lumen and nonatheromatous 
intimal thickening with fibrous tissue. In the 
youngest case, aged 11 months, the medial 
hypertrophy and luminal narrowing were pres- 
ent but there was no intimal thickening. The 
findings in this third case’ are similar to the 
histologic appearance of the muscular arteries 
in the normal human fetus. Edwards concludes 
that the medial changes in these arteries are 
primary and a carry-over from fetal life. It 
would appear that this is so because of cessation 
of the normal involution in the presence of the 
Kivenmenger’s complex. The intimal fibrous 
changes appear to be secondary and occur later. 

Striking changes in the muscular arteries of 
the lung occur postnatally in normal man.” 
Te muscular element in these vessels practi- 
ce ‘ly disappears by the sixth month. The media 
becomes thin and the vessel lumen wide. This 
is the anatomic expression of the existing low 
r sistance found in the normal pulmonary circu- 
|: ion. In Eisenmenger’s complex, these post- 


natal changes do not occur.‘ Instead, the mus- 
cular arteries have a thick media and narrowed 
lumen, and resemble those of the systemic cir- 
cuit. It is suggested, therefore, that pulmonary 
hypertension present after birth in the infant 
with Eisenmenger’s complex provides the stim- 
ulus for the maintenance of the good muscular 
development found in the fetal pulmonary ar- 
teries. Then as the infant and child becomes 
older the persistent hypertension leads to in- 
timal changes‘ with further narrowing of the 
lumen and augmentation of the pulmonary 
vascular resistance to keep pace with the rising 
arterial pressure. It would seem that the post- 
natal pulmonary hypertension at first would 
be accounted for cn the basis of increased 
flow through the lung, abetted by some hu- 
moral or neurogenic pulmonary vasoconstric- 
tion. 

Is the pulmonary vascular resistance in 
Eisenmenger’s complex fixed as has been 
postulated? That this may not be so is sug- 
gested by the work of von Euler and Liljestrand*™* 
already referred to, in which they demonstrated 
a decrease in the pulmonary vascular resistance 
and pressure in animals breathing pure oxygen. 
This was attributed to vasodilatation of the 
pulmonary arterioles. When patients with Eis- 
enmenger’s complex breathe pure oxygen, their 
peripheral arterial saturation increases almost 
to normal.’ This speaks for a reduction in the 
venoarterial shunt due to a decrease in the 
pulmonary vascular resistance following vaso- 
dilatation of the pulmonary arterioles. If the 
pulmonary vascular resistance is variable, it 
follows that the pulmonary hypertension is re- 
versible in part. Support for such a view is 
found in the work of Cournand”? who demon- 
strated that the pulmonary hypertension in 
chronic cor pulmonale is also reversible. 

The outstanding clinical feature of Eisen- 
menger’s complex is the late onset of cyanosis. 
In the light of the foregoing discussion this is 
readily understandable. Early in the disease 
the vascular resistance in the pulmonary bed is 
of the same order of magnitude as in the sys- 
temic circuit. Hence, there is minimal right-to- 
left shunting of blood. As the patient becomes 
older there is progression of the intimal changes 
in the lung vessels leading to further elevation 
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of the pulmonary vascular resistance, an in- 
crease in the veno-arterial shunt and eventually 
the appearance of cyanosis. This is demon- 


strated in our cases in which the pulmonary 


vascular resistance was found to be in excess of 
the systemic. With advancing age, the cyanosis 
may be intermittent at first owing to the inter- 
play of the pulmonary and systemic resistance 
which determines the magnitude of the veno- 
arterial shunting of blood. Later, it may become 
persistent. Hamilton?® studied a case of tetral- 
ogy of Fallot which was clinically characterized 
by episodes of intermittent cyanosis and found 
evidence which supports the foregoing concept. 
He observed that the veno-arterial shunt from 
the right ventricle to the aorta varied from 
minimal to 100 per cent, depending upon the 
level of the systemic blood pressure. When the 
blood pressure in the systemic circuit was low, 
the shunt was great, and conversely, when the 
systemic pressure was high, the shunt was min- 
imal. 

At the present time there is no available 
treatment for Eisenmenger’s complex. In order 
that a surgical approach be successful, it must 
accomplish three objectives: (1) a reduction of 
the pulmonary artery pressure, thereby lessen- 
ing or eliminating the progressive changes in 
the muscular arteries in the pulmonary bed; 
(2) alleviation of the strain upon the right ven- 
tricle; (3) return of the peripheral arterial 
saturation towards normal. Recently, Civin and 
Edwards” have suggested the merit of creating 
a stenosis in the outflow tract of the right ven- 
tricle or in the pulmonary artery trunk. Al- 
though this procedure may lower the pulmo- 
nary arterial pressure, and thus “‘protect”’ the 
pulmonary arterioles, the strain upon the right 
ventricle would still be present. This chamber 
would continue to pump against an enormous 
systemic peripheral resistance. The dynamics 
in this situation would be analogous to those in 
tetralogy of Fallot, the prognosis of which is no 
better than that of Eisenmenger’s complex, the 
chief cause of death in both conditions being 
right ventricular failure. Hence, creation of a 
pulmonary stenosis would neither rectify nor 
favorably influence the altered hemodynamics 
in this condition. A more rational approach 
would be to attempt to correct the overriding 


of the aorta and at the same time to obliterate 
the ventricular septal defect. Such corrections 
would eliminate the source of the pulmonary 
hypertension and result in a rise of the periph- 
eral saturation to normal, which would also 
tend to decrease the pulmonary vascular ‘e- 
sistance. If this were done early enough, the 
secondary detrimental structural changes in 
the pulmonary vessels might be averted, te 
strain upon the right ventricle would be °e- 
duced, and the circulatory dynamics would 
tend to return to normal. Although such a pio- 
cedure is not feasible at this time, amelioration 
of this condition will be possible if efforts «re 
directed along such lines. 


SUMMARY 


1. Catheterization data in a ease of Eisen- 
menger’s complex with anomalous pulmonary 
venous drainage into the right auricle are pre- 
sented. Pulmonary venous blood and pulmon- 
ary venous pressure were obtained directly 
making possible measurement of the true total 
pulmonary vascular resistance and evaluation 
of the pulmonary factor in the cyanosis asso- 
ciated with this cardiac anomaly. 

2. It is concluded that peripheral hypoxemia 
in EKisenmenger’s complex is due solely to the 
veno-arterial shunt from the right ventricle to 
the overriding aorta. The view that cyanosis is 
due to inadequate oxygenation in the lungs 
could not be supported. 

3. The principles of surgical correction of this 
disease are discussed. 
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The Nitroglycerin-Flicker Test 


By Ernest L. Fox, M.D., anp Irvine 8. Wricut, M.D. 


The nitroglycerin-flicker test, as suggested and modified by Krasno and Ivy, has been used to test 
normal individuals and patients with a variety of cardiovascular diseases. The hypothesis that this 
test would serve as an index of the presence of vascular disease or spasm elsewhere in the body than 
the retina was explored. These studies have failed to justify the drawing of conclusions based on the 
results of this test regarding the presence or absence of generalized vascular disease or of localized 
vascular disease or spasm elsewhere than the retinal vessels. It is concluded that the use of this test 
in mass surveys to detect cardiovascular disease is not justified. 


LICKER may be defined as the visual 

sensation produced by intermittent 

flashes of light. At a certain rate of such 
flashes a sensation of continuous brightness is 
experienced and this rate is called the critical 
fusion frequency (C. F. F.) or flicker fusion 
threshold (F. F. T.). These values can be ob- 
tained with a flicker photometer. Duke-Elder' 
has established flicker photometry as a sound 
method of obtaining quantitative values for 
this basic physiologic function. 

The method of flicker photometry had its 
beginning in the rotating tops first mentioned 
by Musschenbrock.? More recently, flicker 
fusion has usually been studied by sectored 
disks which rotate between a constant light 
source and the subject to be tested. The speed 
of rotation of such disks can be recorded and 
the number of flickers per second at which the 
subject sees fusion of the flickering light can 
be obtained. Various investigators have shown 
that fatigue* hypoxia,® advancing age® and 
lower relative intelligence’ cause a decrease in 
the flicker fusion threshold. It has been 
generally found that similar testing conditions 
are necessary to achieve reproducible results on 
successive days. 

Krasno and Ivy* have recently reported 
the effect of nitroglycerin on the flicker fusion 
threshold. Using their less complicated instru- 
ment, they have studied 421 subjects by a 
procedure which will be described later. They 
postulate that after sublingual nitroglycerin 
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administration patients having spasm of thoir 
retinal arterioles will show a significant ‘n- 
crease in their flicker fusion threshold over 
their initial threshold, while normal subjects 
not having such spasm will show a decrease in 
their threshold under similar experimenial 
conditions. This hypothesis is based on the 
premise that nitroglycerin can relieve vaso- 
spasm of the retinal arterioles resulting in a 
more adequate blood and oxygen supply to the 
retina, thus increasing visual acuity. On the 
other hand, if vasospasm is not present, nitro- 
glycerin will cause passive hyperemia of the 
retina, decreasing visual acuity. They have 
reported that patients with hypertension and 
arteriosclerosis, or hypertension alone, and 
patients recovering from coronary artery 
occlusion and myocardial infarction have an 
increase in their flicker fusion threshold 
following nitroglycerin administration. The 
authors further suggest that such a method of 
observing flicker fusion change may show 
those persons who are predisposed to hyper- 
tension and/or myocardial infarction by bring- 
ing to light vasospasm not otherwise recog- 
nized. In order to further investigate this 
approach to vascular disease, a group of normal 
subjects and patients with hypertension and 
allied states have been tested in the manner 
proposed by these authors. 


MeEtTHOD 


As our investigation progressed, we incorporated 
certain modifications into our procedure which were 
suggested by Dr. Krasno in personal communic:- 
tions. These modifications have now appeared in a 
supplementary brochure on procedure.’ A summa!y 
of the original technic is herewith presented, t:- 
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gether with the subsequent changes which have 
hecn made by the original investigators. 

‘he instrument is a portable electronic device 
with a small port or light source at one side and a 
coltrol panel on the opposite side. On the control 
panel will be found two identical concentric dials, 
one of which is the flicker rate dial and the other 
the memory dial. The former indicates the fre- 
queney at which the light is emitted from the light 
source. This dial is controlled by the flicker rate 
knob or control knob. The memory dial has been 
found to be of little practical value in our experience. 

n the original manuscript it was recommended 
that the test be performed in the following manner. 
The subject was comfortably seated 1.6 meters 
from the light port with his back to the illumination 
entering the room and so that the frosted glass 
which covers the instrument’s light source was free 
of glare. A dark room was not considered necessary. 
In repeated testing these factors should remain 
constant. The subject was to avoid smoking for at 
least six hours and alcohol for 20 hours prior to the 
test. No time limitation was placed on the exclusion 
of vasodilators, but these were to be considered in 
the interpretation of the results. 

The subject was informed that at a given signal 
he would see a constant light which would change 
to a flicker. He was instructed to say ‘‘now’’. when 
he first saw this change. The flicker rate dial was 
set at 3000 flashes per minute. The light-was turned 
on and the control knob turned down slowly, re- 
ducing the flashes of light per minute until the sub- 
ject said “now,” after which the light was immedi- 
ately turned off to avoid fatiguing the subject. The 
rate in flickers per minute indicated on the flicker 
rate dial was recorded on paper. The dial was ad- 
vanced approximately 300 flashes per minute above 
that previously recorded and the procedure repeated. 

Five preliminary trials were allowed, after which 
the subject was repeatedly tested until three suc- 
cessive readings were approximately the same, that 
value being recorded as the initial flicker fusion 
theshold. The patient was then given 0.4 mg. of 
nitroglycerin sublingually and the value of flicker 
fusion threshold again determined every two minutes 
for six minutes. During each of the two minute in- 
tervals in the postnitroglycerin phase of the test the 
value of the fusion threshold was determined by ob- 
taining three successively similar readings. The sig- 
nificant change in the value of flicker fusion thresh- 
old from the initial threshold may occur during any 
portion of the test. This was described as the single 
tesi. If a second nitroglycerin tablet was necessary 
in order to obtain significant results, this was given, 
an the subject similarly tested every two minutes 
fo. an additional six minutes. This was known as 
th: double test. If a supposedly normal individual 
gave an abnormal test and was found to have a 
no mal erythrocyte count and hemoglobin concen- 
tr:tion, Krasno and Ivy found that these subjects 


would give a normal test after receiving papaverine, 
60 mg. three times daily for three days. 

The patient’s response to nitroglycerin was ob- 
tained by taking the difference between the maxi- 
mum postnitroglycerin flicker fusion threshold and 
the initial flicker fusion threshold. The original in- 
vestigators considered a change of plus or minus 60 
flashes or greater as significant. Thus, a decrease of 
60 or more flickers a minute in the patient’s response 
was designated a “normal test,” while an increase 
of 60 or more per minute was designated an ‘“‘ab- 
normal test.” Anything less than plus or minus 60 
flashes was designated a “‘no change response,” after 
which a second tablet of nitroglycerin was given. 

This testing procedure was modified by Krasno 
and Ivy in order to achieve more reproducible 
flicker fusion threshold values. In the original manu- 
script the investigator was instructed to turn the 
control knob slowly to reduce the flashes of light 
per minute. The authors now state that the control 
knob should first be turned slowly at an optimum 
speed and then at a creeping* rate as the subject’s 
suspected threshold is approached. By so doing it 
is contended that the subject is given the best op- 
portunity to give his maximum response to a flicker- 
ing light. Another recommendation has been made: 
instead of obtaining the flicker fusion theshold 
readings every two minutes for six minutes after 
giving nitroglycerin, two minute intervals are to be 
allowed between each of three series of postnitro- 
glycerin determinations. The importance of these 
changes will be discussed later. 

Throughout our investigation extreme care was 
exerted to study subjects in whom were found only 
those factors which could be tested by the nitro- 
glycerin-flicker test. If subjects were found to have 
physical or mental factors known to affect the test 
adversely, they were excluded from the study. 
Every effort was made to assure the subject’s com- 
plete mental relaxation and physical comfort before 
the test was started. 


RESULTS 


As the changes in technic became known to 
us, it was necessary to divide our investigation 
and data into two separate and distinct parts. 
The first part represents that phase of the 
investigation during which the control knob 
was turned at a constant rate of speed, and the 
original two, four and six minute observation 
periods were used in the postnitroglycerin 
phase of the test. The flicker fusion threshold 
values were difficult to determine because three 
similar readings were not easily obtained. 
Therefore, it was decided to use the arithmetic 


* This term was suggested by Dr. Krasno. 
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mean of ten determinations obtained before 
nitroglycerin administration as the initial 
flicker fusion threshold. After nitroglycerin was 
administered, four measurements were taken 
during each of the three two minute periods. 
The arithmetic mean of the four measurements 
was used to represent the subject’s postnitro- 
glycerin flicker fusion threshold at the two, four 
and six minute intervals. 

Thirty normal human controls showing no 
evidence of vascular disease were studied. Their 
age ranged from 18 to 36 years, averaging 26.4 
years. Twenty-five of this group gave a normal 
response and 5 gave an abnormal response. 
The latter 5 were not given papaverine or 
examined for possible anemia, since the 
technic of testing was changed before this was 
done. Not included in the control group of 
30 subjects mentioned above were + additional 
patients whose initial response to the test was 
abnormal. These were found to have normal 
erythrocyte counts and hemoglobin concentra- 
tions. They were given papaverine orally, 
60 mg. three times daily for three days, after 
which they were retested. All gave a normal 
response. A fifth patient was tested fifteen 
times without papaverine, giving an abnormal 
response once and a normal test on fourteen 
occasions. 

The changes in technic suggested by Krasno 
and Ivy were then instituted and are as follows. 
Vasodilators were not permitted for 48 hours 
prior to the test. The creeping technic of 
turning the control knob was used. Measure- 
ments were taken during each phase of the 
test until the subject gave three similar readings 
which were identical. Two-minute rest inter- 
vals were allowed the subject between each 
phase of the test. The critical value of plus or 
minus 60 flashes a minute was again used to 
determine the patients’ response to nitro- 
glycerin. 

Twenty-five individuals were selected to 
represent a normal control group in a manner 
similar to that employed with the earlier 
series of normal subjects. The average age for 
this group is 27.6 years, ranging from 18 to 
62 years. All of these subjects responded in the 
normal manner postulated by Krasno and 
Ivy except 2 who gave an abnormal re- 


sponse. One, a 26 year old medical student, was 
found to be chronically fatigued and volun- 
teered the information that he had recenily 
noted colored scotomas at night. Fatigue could 
have accounted for his abnormal response, 
The second subject had a normal blood count 
and hemoglobin value, and was given papay- 
erine, 60 mg. three times daily for three days, 
after which she was again tested, this time 
responding normally to the test. In additicn, 
3 normal subjects were each tested on ton 
successive days at the same time of day. .\ll 
gave consistently normal responses to the test. 
We were interested in observing whether the 
changes in technic would alter the results of 
the test. In the first group of normal subjects 
tested, only one gave an abnormal response. 
Likewise, only 2 individuals in the second 
group of normal subjects gave an abnormal 
response. It is thus apparent that within the 
limits of this investigation either technic will 
furnish similar results in normal individuals. 
Using the original technic, 33 patients with 
known hypertension, arteriosclerosis, healed 
myocardial infarction, diabetes or occlusive 
peripheral vascular disease were studied. These 
subjects were chosen from the hospital wards 
and clinics in equal proportions. The age for 
this group ranged from 21 to 71 years, averag- 
ing 57.0 years. Table 1 presents the pertinent 
data regarding this group of patients. Table 2 


classifies the same patients by disease groups 
and by their response to the test. These tables 
show that of 33 patients tested, only 9 showed 
abnormal type response, while 16 of the entire 
group showed a normal response and 8 showed 
a no change type response. These results were 
quite different from those which Krasno and 


Ivy had obtained with a similar group of sub- 
jects. 

After modifying the technic, 30 subjects 
with known hypertension or vasospastic disease 
were studied. The age of the group ranged 
from 22 to 68 years, averaging 47.9 years. They 
were selected from the out patient department 
of the hospital and wards in equal proportions. 
The results of this study are reported in table 
3. Table 4 presents these results in a different 
manner based upon the primary disease of 
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ech subject and his response to the nitro- 
glycerin test. 
The method of selecting subjects for this 
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directed to table 3 in which the data resulting 
from this study are presented. Through the 
courtesy of Dr. R. E. Lee we were able to 


la ter study differed slightly from that used in 


study 3 patients with essential hypertension 
o| taining our first group of abnormal patients. 


(cases 20, 21 and 23) who showed evidence of 


TaBLeE 1.—The Response of the First Group of ‘‘Abnormal’’ Subjects to the Nitroglycerin-Flicker Test 





Response to Ist 0.4 mg. 
Pes of nitroglycerin 
B. P. before a. P. 
nitro. 2 4 6 


min.| min. | min. 


Response to 2nd 0.4 mg. 
of nitroglycerin 
< 2 ee op Diagnosis 
2 4 6 


Change : : 
ane min. | min. | min. 


Change 
2138/2148/2193, +115)130/80 

1490 1580 1563) — 135)120/80 
2070 2095/2085, —80) 90/75 
2215)2233/2252) +34 
2265/2208/2143) —85,100/70 
2605 2510 2445, —105) 96/68 
2080/2170. 2105, +75) 88/68 
2359) 2354/2351, —57 

2495 2503 2458 


140/80 2080 
140/98 | 1623 
120/80 | 2150 
120/90 | 2218 
140/80 2228 
110/62 | 2550 
112/80 2095 
96/78 2408 
160/90 2520 
210/110 2565 
170/100-2415 
238/135, 2175 
200/110 2215 
220/120 2230 
160/70 | 2160 
200/142, 2175 
204/110 2620 
180/88 2650 
170/130) 2520 
170/80 | 1555 
196/100 1955 
71 |240/110 2200 


Coronary occlusion 
Diabetes 

Diabetes 

Diabetes 

A. SH. DS 
Coronary occlusion 
A. SE. BD. 

2298 2341/2330! —110) 90/70 | H. C. V. D. 

— 60) 160/86 Be. VB. 

2505) 2553/2534) —60 210/90 H.C. Ve Be. 
2425/2430)/2425) +15)160/70 |2425/2440/2435; +25)160/70 | H.C. V. D. 

2040 2100/2055, —135)180/112 H.C. VV. 

2195) 2203/2245} +30)180/110)22352195'2190| —25)180/102) H. C. V. D. 

2270) 2280/2330 +100)/208/110 Diabetes 
2185)2110)2203; —50)110/60 (2175 2200/2200 HC. ¥. BD. 
2120/2150/2140, —55 2135/2120 2165 5E H.C. V: BD: 
|2715/2635/2575, ++95)174/104 H.C. Ves 
12480/2545|2530) —170 140/75 Bee. Vio 

2495) 2500/2465, —55 160/110 Ee. Ve: 

1560 1475 1480, —80 168/70 a. ¢. %: 
|1935|1945/1925, —30 1840 17801745) —180155/84 | H. .D.-A.S 
2190) 2280/2235, +80/210/110 H. 
55 190/130, 2195 |2130 2095/2095; —100/190/130 EH 
68 180/98 | 1965 |2020/2015 2010| +55 140/90 201019552020 +55160/90  H. 
59 170/85 23 |2325|2355/2365| +35'140/70 |2330.2330/2370, +40138/80 | H. 
58 206/100 2515/2545/2470, +=—60 150/100 H. 
59 (150/90 2235 2260 2190 —85 130/80 H. 
64 132/98 2400 2360/2330, —40 2390 2335'2290| —85!130/100' H. 
68 (170/70 1910,1915)1880 —40 1890 1865/1845) —75 130/66 | H. 
70 160/80 2590 2880 3000 +650 156/80 A. 
66 170/80 | 1860 (185519401940) +80 160/70 A. 
67 140/80 1955 2000 2055/2055) +100 130/90 A 
45 136/100 2450 (2465 24402445) +15 —35)115/96 | T. A. 


2193'2185)/2196 + -+60)110/78 
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ne 


q@4a4adesasa a 
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- 
~ 
~ 





. H. D.—Arteriosclerotic heart disease; H. C. V. D—Hypertensive cardiovascular disease; A. S. O.— 
Arterioselerosis obliterans; T. A. O.—Thromboangiitis obliterans; R. H. D.—Rheumatic heart disease. 


We again made every effort to study only 
tlose subjects whose pathologic physiology 
wis limited to those factors which could be 
pportedly tested with a flicker photometer. 


marked vasospasm of the arterioles of the 
bulbar conjunctiva. This had been established 
by direct observation of the arterioles with a 
slit-lamp microscope, using a technic pre- 


F owever, in this group we were interested in 
siudying as many patients as possible with 
hpertension and/or vasospastic states who 
dd not have arteriosclerosis. -Attention is 


viously described by Lee and Holze.'° These 
3 subjects gave an abnormal response to the 
test. Three patients (cases 19, 24 and 25) 
having hypertension and glomerulonephritis 
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also showed an abnormal test. Case 26 also 
responded in the manner proposed by Krasno 
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and Ivy. This 44 year old Negro man suffered 
from thromboangiitis obliterans with ulcera- 


tion of his left great toe. By ophthalmoscop ¢ 
examination he had a marked degree of vasv- 
spasm of his retinal arterioles, causing the 
retina to appear extremely pale. Case 27 


TABLE 2. 
of the First Group of ‘Abnormal’? Subjects Classified 
According to the Primary Disease Present in These 


Summary of the Nitroglycerin Response 


Subjects. 
showed a similar degree of retinal arteriol:r 
accompanying Raynaud’s — ph- 
nomenon in her hands and gave an abnorm: | 


Positive 
abnormal) 


Negative 


anneal) No change 


vasospasm 

aC. VeD.* 

H.C. V. D. and A. 8. 
H.-D. 

Coronary occlusion 

A. 8S. H. D. 

TAL. 

A: 8.0. 

Diabetes mellitus 


response to the test. Thus, patients without 
arteriosclerosis, but having hypertension and 
suspected vasospasm of their retinal arterioles, 
seem capable of showing an abnormal respon:e 
to the test. It will be noted that other patienis 
presented in tables 3 and 4 did not show the 
abnormal response predicted by Krasno and 





Total Ivy 
* See footnote, table 1. By comparing tables 2 and 4 it is evident 


TaBLe 3.—The Response of the Second Group of **Abnormal’’ Subjects to the Nitroglycerin-Flicker Test 


Response to ist 0.4 mg. 


: . Response to 2nd 0.4 mz. 
of nitroglycerin 


F.F.T. of nitroglycerin 
before i 
‘0. 
we 2 : © | Change 2 + © 
min.) min. 5 min. min.) min. 


130 

90 

88 

140 
2520 2490) 2500 

70 

108 

76 

106 
2100/2145'2120 
1950 1950 1980 

95 

70 

70 

85 

100 

130 

104 

140 

100 

126 

65 

130 


120! 


Diagnosis 


alin: Change 
2490 
1560 
1870 
2195 
2550 
2540 
1930 
1770 
2415 
2160 
2040 
2430 
2885 
2400 
1810 
1560 
2070 
2130 
2650 
2670 
2640 
2460 
2500 
2520 
2270 
1705 
2550 
2195 
1950 
2430 


230 
180/100 
170/95 
226/126 
120/85 
130/82 
185/105 
150/90 
130/80 
140/92 
175/95 
150/98 
100/6 
100 
160 
220 
210 
215 
180 
39 196 
21 29 210 
22 = =39 \130 
23 164 
24 36 190 
46 160 
160, 
120/90 
200/130 
210/104 
160/120 


32 2490 2430 2430 
1560) 1530/1490 
1810 1740 1745 
2160 2085/2070 
2515) 2550/2550 
2460 2470 2 130 
2030 1845 1820 
1770 1770 1660 
2400 2430 2340 
2140 2160 2160 
2010 2040 2010 
2430 2430 2370 
29890 3010 3010 
2490 2435 2435 
1809 1890 1890 
1560 1629 1620 
2130, 2190 2130 
2230 2205/2250 
2670 2695 2710 
2760 2760 2740 
2700 2760 2770 
2550 2460 2460 
2858 2465 2440 
2610 2600 2610 
12350 2370/2415 
1780 1650 1665 
2640, 2825/2825 
2190 2145/2160 
1950 1980 1980 
2520,2400 2430 


—60/215 
—70,170 
— 130/144 
— 125 190 
—35 
—110110 
—110 160 
—110 135 
—75)120 
— 20 
—30 
—60 142 
+155 96 
+90 95 
+8) 140 
+60 240 
+120 176 
+120 180 
+60 180 
+100 188 
+130 178 
+90 120/ 
+85 160/ 
+90 180 
+145 150/100 
+75 155/102 
+275 120/85 
—50 
+30 
+90 160/130 


HOC. 

i OF 

BY. 

BC. ¥. 

Diabetes mellitus 
Coronary occlusion 
H.C. V. D.-A. S. H. 
H.C. V. D.-A. 8. 1. 
Diabetes mellitus 
Coronary occlusion 
H.C. V..D.-A. 8. BH. 
B.c. VD. 


Coronary occlusion 


—60 104/85 


—60 150/85 
—90 140/95 


75 

90 

100 
130 
102 
135 
118 
128 
70 

140 
130 
105 
100 


Coronary occlusion 
Diabetes mellitus 
Diabetes mellitus 
H.C. ¥. 2D. 

oa MS, 10D. 
Glomerulonephritis 
Essential hypertension 
Essential hypertension 
1. AO. 

Essential hypertension 
Glomerulonephritis 
Glomerulonephritis 

a. A, VD: 
Raynaud’s disease 
BC. ¥..D. 
B.C... 


Essential hypertension 


26 

27 ~| 39 
28 = «54 
29 | 68 
30. 45 


2160 2175 2140 
1980 1980 1980 


—55 180/115 
+30 132/80 


*See footnote, table 1. 
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that the changes in technic have reduced the 
nimber of patients showing a no. change 
response to the test. With either technic, how- 
ever, some patients with vasospastic disease 
aid/or hypertensive and arteriosclerotic heart 
dsease fail to respond to the nitroglycerin- 
fi cker test in the manner proposed by Krasno 
aud Ivy. The majority of normal subjects do 


TaBLE 4.—Summary of the Nitroglycerin Response 
vo the Second Group of ‘Abnormal’? Subjects Classified 
According to the Primary Disease Present in These 
Subiects. 


Abnormal Normal 


(positive) | (negative) No change 


HoC: WV... 2 
H.C. V. D. and A. 8: 
H, BD. 
Coronary occlusion 
A. 5: 01. D.. 
A. 8. O. 
TAO... 
Diabetes mellitus 
Glomerulonephritis 
taynaud’s Disease 
I'ssential 
sion 


hyperten- 





Total. 


* See footnote, table 1. 


respond in the proposed manner. It would 
seem that some basic physiologic difference 
exists in certain abnormal subjects which 
alters their response to nitroglycerin. 


DISCUSSION 


The factors of age, fatigue, intelligence, 
length of time after meals, smoking, amount of 
light entering the room, recent alcoholic con- 
sumption and administration of vasodilators 
may affect the flicker fusion threshold of a 
subject. Previous investigators have controlled 
‘hese factors in an extremely careful manner. 
\rasno and Ivy have stressed the control of 
ome of them, such as smoking, fatigue, 
lecoholic consumption and vasodilators, dis- 
egarding to a large extent the remaining 

ictors mentioned above. They are of the 
pinion that, since the nitroglycerin-flicker test 
ttempts to measure quantitatively a change 
n the flicker fusion threshold in a given sub- 
ect, age, extraneous light and time after meals 


can be kept relatively constant, and that, 
although these factors may affect the original 
fusion threshold they will not influence the 
response to nitroglycerin. 

Of all the factors which we studied and which 
affect the test, the most important is the 
fatigue which results from the subject’s at- 
tempt to perceive a flickering light after 
staring at a constant light. In personal com- 
munications with Dr. Krasno this fact has 
been carefully considered. He has suggested 
that no more than eight observations be 
obtained consecutively. If three similar read- 
ings are not obtained during these observations, 
the patient should be permitted to rest for two 
minutes before resuming the test. We concur 
in this opinion. Furthermore, in older subjects 
only four readings can be taken before the 
fatigue factor causes the patient’s response to 
drop precipitously. It is important to recognize 
this factor and to allow suitable rest periods 
while performing the test. The creeping technic 
of turning the control knob reduces the number 
of observations necessary to obtain three 
identical values for the flicker fusion threshold. 
Thus, the creeping method also aids in reducing 
fatigue. 

While testing a subject there is an initial 
increase in the flicker fusion threshold for the 
first four or five readings, followed by a 
plateau and then a decrease, as illustrated 
below. 

2240 2340 2400 2200 
2260 2400 2380 
2290 2400 2370 
The decrease appears to represent the onset of 
fatigue. 

As indicated in the preceding discussion, the 
creeping method of turning the control knob 
and dial seems an advantage over the previous 
method of turning the knob at a constant 
rate of speed until the subject sees flickering 
of the light. However, there are varied opinions 
as to the scientific soundness of the creeping 
method. Those objecting to this method have 
proposed that an investigator may be able 
to vary the recorded response of a subject by 
use of the creeping method, or that it pre- 
cludes the use of a blindfold-type test in which 
the control dial cannot be seen while the con- 
trol knob is turned. Our investigations indicate 
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that three identical readings cannot be ob- 
tained with a blindfold-type test without pro- 
longed testing and extreme fatigue of the 
subject. If this occurs, one cannot obtain an 
accurate estimate of the subject’s response to 
nitroglycerin. Such objections could be over- 
come by altering the flicker photometer in 
such a manner that the control dial is motor 
driven at a constant rate of speed and by 
allowing the subject to halt the instrument 
electrically when he sees the light begin to 
flicker. 

The results of this investigation indicate 
that the majority of normal subjects react to 
the nitroglycerin-flicker test in the manner 
proposed by Krasno and Ivy. However, as 
previously mentioned, our results in subjects 
with known hypertensive or hypertensive and 
arteriosclerotic heart disease have not been 
the same as those proposed by these authors. 
A careful analysis of the working hypothesis of 
Krasno and Ivy and of the pharmacologic 
action of nitroglycerin has resulted in the 
following observations. 

Krasno and Ivy have proposed that phys- 
iologic hypertonus of arterioles precedes the 
anatomic changes found in the retinal vessels 
of patients with hypertension. Elwyn" states 
that in early benign hypertension only the 
small arteries of the effector organ in the 
splanchnic area undergo a change in tone and 
contraction, and that at this time no general- 
ized constriction of the arteries of skin, brain, 
kidneys and eyes occurs. Krasno and Ivy 
themselves seem to doubt the constancy of 
generalized vasospasm by stating that the 
evidence supporting the suggestion that retinal 
vasospasm and spontaneous vasospasm else- 
where in the body, in the absence of hyperten- 
sion, is not good. Meyer Naide” found sug- 
gestive evidence of a variation in the vascular 
tone of hypertensive patients, some having 
the same degree of hypertonus of arterioles as 
his normal subjects. Vasospasm is generally 
thought to accompany hypertension, but where 


and when this vasospastic state has its onset 
is in doubt. There is no evidence in the litera- 
ture to support the hypothesis that spasm is 
consistently present in the retinal vessels in 
early hypertension. Furthermore, there is no 


simple method or technic available which can 
furnish objective criteria upon which to bas¢ 
the presence or absence of early vasospasm o£ 
arterioles in man unless the technic of Le« 
and Holze, using the bulbar conjunctiva, i: 
found to be such a method. 

Krasno and Ivy also postulate that nitro 
glycerin administered sublingually will causi 
dilatation of the retinal arterioles. Studies ar: 
now in progress in our laboratory and other 
regarding the pharmacologic action of nitro 
glycerin on the peripheral circulation. It: 
ability to cause dilatation of larger arterie: 
such as the radial, brachial and dorsalis pedis 
has long been recognized. However, the 
literature is confusing regarding its action on 
smaller vessels such as arterioles, precapillary 
arterioles and capillaries. Hirschfelder’ in 1914 
reported that nitroglycerin caused simul 
taneous dilatation of the retinal and _ pial 
arteries. However, from this report it is im- 
possible to decide what size arteries were 
observed. There are numerous references in 
the literature regarding the ability of glycery! 
trinitrate to produce increased oscillometric 
readings following its administration; however, 
the dilatation of larger arteries does not 
necessarily indicate dilatation of the arterioles, 
sapillaries and venules. 

Lueth and Hanks" observed the nail fold 
capillaries of 32 hypertensive subjects who 
were given 0.2 mg. of nitroglycerin sublingually. 
They reported that in the majority of these 
cases there was ‘“‘an increased rate of flow 
through the capillaries of the skin several 
minutes after the drug was given, unaccom 
panied by any change in size of either the 
arteriolar or venous limb.”’ On the other hand, 
they state: “In three cases a decreased rate of 
flow followed taking the drug. In only a few 
vases (4 patients) did complete blanching, 
i.e., disappearance of the vessel, occur.”’ This 
report continued as follows: “Another inter- 
esting observation was the simultaneous reac 
tion of pairs of capillary loops. In some fields 
these paired vessels could be easily detected by 
their synchronous acceleration, slowing anc 
cessation of blood flow in contrast to the othe: 
capillaries that did not present identical varia 
tions. Some of these paired vessels could be 
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tiaced to a single common arteriole, a more 
d-eply imbedded vessel.” The amount of 
g yeeryl trinitrate was small in these experi- 
ents, but Lueth and Hanks found this 
10unt sufficient to cause vasomotor collapse 
hypertensive patients. Weiss and his co- 
irkers,!® using sodium nitrite and a method 
d:vised by Capps,'® were able to attribute the 
tion of sodium nitrite to dilatation of venules 
it the skin of the hands without dilatation of 
i terioles. Foley, Fox and Tunis,” using oral 
ntroglycerin, have indirectly confirmed a 
portion of Weiss’ work. Following oral nitro- 
» yeerin administration, which has produced 
marked increase in the pulse volume in the 
xtremities, we have been unable to observe 
iny change in skin temperature of the fingers 
y¢ toes in patients having peripheral vasospasm. 
It has long been recognized that all patients 
with vasospastic vascular disease need not 
have spasm of all arterioles in the body, and 
that the process may be localized to the hands 
or even a single digit, as in Raynaud’s disease, 
or to the arterioles of the feet following frost- 
bite or chilblains. Consideration of the work of 
Weiss, which denies that nitroglycerin has the 
ability to dilate arterioles, and the inconsist- 
ency of vasospasm in physiologically abnormal 
states, shows that the possibility of the nitro- 
glycerin flicker test acting as a diagnostic 
procedure for generalized vascular disease or 
for specifically localized spasm in distant 
portions of the body is unsound. Adoption of 
its use to predict those individuals who may 
be predisposed to hypertension or vascular 
accidents should be held in abeyance until the 


basic pharmacologic activity of nitroglycerin is 
further clarified. Our results indicate that the 
flicker test in itself is not a sufficiently accurate 
and objective method of demonstrating the 
presence or absence of vasospasm. 


SUMMARY AND CONCLUSIONS 


1. Two methods for performing the nitro- 
lycerin-flicker test are outlined. 

2. Data are presented which indicate the 
similarity of results obtained with the two 
1ethods in normal individuals. 

3. Results are presented of the study of 63 


carefully selected patients with hypertension 
or vasospastic disease. 

4. In this series patients without arterio- 
sclerosis but with essential hypertension, 
glomerulonephritis and hypertension, throm- 
boangiitis obliterans, or Raynaud’s _ phe- 
nomenon did respond to the test in the manner 
proposed by Krasno and Ivy. 

5. Patients with previous coronary artery 
occlusion and myocardial infarction, hyper- 
tensive and arteriosclerotic heart disease, and 
diabetes failed to respond in a uniform manner 
to the test. 

6. Evidence is reviewed which casts serious 
doubt on the theory upon which this test is 
based. 

7. It is concluded that this test is not 
sufficiently specific, accurate, or objective to 
justify conclusions based on its use in clinical 
medicine. 

8. The use of this test in mass surveys to 
detect disease is not justified. 
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Significance of the Nitroglycerin—Flicker 
Fusion Response in Normal Subjects and 
Patients with Cardiovascular Disease 


3y Henry I. Russex, M.D., Witiiam H. ANprErson, M.D., AND ALEXANDER A. DoERNER, M.D. 


The Krasno-Ivy nitroglycerin-flicker fusion test was carried out in normal persons, and in patients 
with arterial hypertension and/or coronary disease. A positive test was obtained more often in pa- 
tients with cardiovascular abnormalities than in normal individuals. In the former group the fre- 
quency of negative results and the inconstancy of response to multiple tests indicate the unrelia- 
bility of this procedure for “the early detection of heart disease tendency.” No correlation could 


be demonstrated between the results of the flicker fusion test, the Master two step or the cold 
pressor test. The evidence does not support the alleged clinical usefulness of the nitroglycerin— 


flicker fusion test. 


HE flicker fusion threshold (FFT) refers 
to that frequency of successive flashes 
of light at which the light stimulus ap- 
pears to be continuous in intensity or free from 
flicker. It has been alleged that the flicker 
fusion threshold of a normal subject is rarely 
less than 2400 flashes per minute or 40 per 
second as measured by the flicker photometer 
of Krasno and Ivy.' In other words, successive 
flashes below this critical level should appear 
as a flickering light when observed by a normal 
individual according to a prescribed technic. 
These authors, furthermore, have reported 
that the flicker fusion threshold is lower than 
normal or impaired in patients with a definite 
hypertension or anemia and improves when 
these conditions respond to therapeutic meas- 
ures. They have devised a nitroglycerin-flicker 
test which involves the determination of the 
flicker fusion thresho'd before and at two 
minute intervals after the sublingual adminis- 
tration of nitroglycerin (0.4 mg.). They report 
that nitroglycerin impaired the threshold in 
normal subjects; whereas, in almost all patients 
with hypertension or coronary disease under 
their observation, nitroglycerin improved the 
flicker fusion threshold. Krasno and Ivy in- 
terpret these observations as follows: (1) Im- 
From the Cardiovascular Research Unit, Depart- 
i.ent of Medicine, U. S. Marine Hospital, Staten 
island, N. Y.,as a Joint Project with the National 
lieart Institute, U. S. Public Health Service, Wash- 
iigton, D.C. 


pairment of the flicker fusion threshold in 
normal subjects after nitroglycerin is due to 
vasodilation and resultant passive hyperemia 
of the visual mechanism. (2) Improvement of 
the threshold after nitroglycerin is evidence 
of the relief of vasospasm and consequent active 
hyperemia. In their opinion the nitroglycerin- 
flicker test may prove to be a valuable aid in 
(a) the detection of angina pectoris and coro- 
nary occlusion where the evidence is equivocal, 
(b) the identification of potential candidates 
for hypertension and coronary disease, and 
(c) the evaluation of vasodilator properties of 
various drugs. 

The value of any test capable of detecting 
latent coronary disease without subjecting the 
patient to the danger of stress is clearly ap- 
parent. Inasmuch as the Master two step test? 
has proved of assistance in the diagnosis of 
coronary insufficiency in cases in which the’ 
history and_ resting electrocardiogram are 
equivocal, it seemed worth while to compare 
the results of the flicker fusion threshold test 
and the Master two step test in patients with 
known coronary disease. Similarly, comparison 
could be made between the flicker fusion thres- 
hold and the cold pressor test,’ since the latter 
has also been advocated as a means of identify- 
ing potential hypertensives 
‘normal’ population. 

Obviously, if any test is to be accepted as 
a diagnostic procedure in the detection of po- 
tential or early cardiovascular disease it should 


among the 
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demonstrate a high degree of specificity when 
comparison is made between normal persons 
and subjects with clinically advanced lesions. 


MATERIAL 


Thirty-one normal men who served as control 
subjects were studied by means of the flicker pho- 
tometer of Krasno and Ivy. In each instance there 
was no history of previous cardiovascular disease. 
Physical examination, x-ray study of the chest 
for heart size and electrocardiographic studies in 
each of these individuals disclosed no abnormal find- 
ings. Their ages ranged from 39 to 64 years. All 
of the patients in this group had been hospitalized 
for causes completely unrelated to the cardiovascu- 
lar system. Tests were performed upon these sub- 
jects during convalescence shortly before discharge 
from the hospital. Seventy-eight nitroglycerin flicker 
tests were obtained in these 31 patients. 

Seventy-six patients with hypertensive and/or 
arteriosclerotic heart disease served as test subjects 
for this study. All but 2 of these patients were of the 
male sex. The ages ranged from 19 to 75 years. Of 
the 76 patients, 22 had advanced hypertensive 
disease with organic changes, 4 had chronic glomer- 
ulonephritis, one had coarctation of the aorta, 2 
had transient hypertension and 9 patients showed 
no signs other than sustained elevation of arterial 
blood pressure (above 140/90). Thirty-eight patients 
had clinical and electrocardiographie evidence of 
arteriosclerotic heart disease. In this group, 16 of 
19 patients studied by means of the Master two 
step test showed a consistently positive response. 
Fourteen of the 38 patients had sustained previous 
myocardial infarction. 

All of the test subjects had been hospitalized 
for treatment of their cardiovascular abnormalities. 
Two hundred and fifty-seven nitroglycerin-flicker 
tests were performed upon these 76 patients. In 
addition the Master test was obtained in 41 and 
the cold pressor test in 28 of these subjects. 


MetTHOoD 


All tests were performed in the same room which 
was illuminated by means of overhead indirect 
lighting. The outside light was partially excluded 
by means of ordinary window shades. The patients 
were not permitted to smoke for at least six hours, 
to drink alcohol for at least 24 hours, or to receive 
vasodilator medication for at least 72 hours prior 
to the performance of the flicker test. No one was 
subjected to more than one test each day. 

Method I. The patient was seated upon a table 
with his legs extended; the flicker photometer was 
placed upon a platform at eye level a distance of 
5 feet from the patient. A blood pressure cuff was 
attached to the patient’s arm so that blood pressure 
determinations could be made at one, three, and 


five minute intervals after the administration of the 
nitroglycerin. The test was explained to the ps 
tient and the flicker fusion threshold determined a; 
originally described by Krasno and Ivy.'* The rat. 
of flicker was set at 3000 flashes per minute and wa 

decreased at a slow, even rate until the patien 
detected flicker. The light was then turned off an 
the patient instructed to look away to avoid ey 

fatigue. The procedure was repeated in similar man 
ner except that the point of beginning was selecte: 
at 300 flashes per minute above the previous fusio 

threshold of the patient. When two sets of thre 

successive readings were the same, this value wa 

recorded as the patient’s fusion frequency threshol 

If three successive identical readings could not b 

obtained within six trials, the test was again ex 
plained to the patient and a new attempt mad: 
after a rest of a few minutes. The patient was the 

given 0.4 mg. nitroglycerin sublingually and the 
fusion threshold determined at two minute interval! 

for six minutes. In the event that a change of les 

than 60 flashes per minute was obtained, the pa 

tient was given another nitroglycerin tablet if he 
could tolerate it and the fusion frequency threshol 
determined again at two minute intervals. Sixty 

seven tests were performed upon 28 patients with 
cardiovascular disease by this technic. 

Method II. This method differed from the above 
in that the patient was seated in a more natural 
position in a chair so placed that he was 5 feet from 
the flicker photometer. The patients were instructed 
not to look away from the light source between read- 
ings until three successive identical results were ob- 
tained. This change was made at the suggestion of 
Dr. Krasno who felt that the altered technic might 
improve the patient’s power of concentration.? For 
similar and other reasons, blood pressure determina- 
tions were not carried out as in method I. Seventy- 
eight tests in 31 normal patients and 138 tests in 
27 patients with cardiovascular disease were per- 
formed by this method. 

Method III. The technie was again changed to 
conform with new instructions supplied by Dr. 
Krasno.°*:? Instead of the control dial being turned 
at a slow, even rate of speed, it was moved at a 
more moderate, even rate until the dial approached 
within 100 flashes per minute of the approximate 
baseline. The dial was then slowed to a creeping 
rate of speed ‘“‘to permit the patient to attain his 
maximum fusion threshold.’ Otherwise, method IT] 
is the same as method II. Fifty-two tests were per- 
formed on 21 patients with cardiovascular disease 
by this technic. 


RESULTS 


Inasmuch as the results of the nitroglycerin 
flicker test were similar with each of the three 
technics, both in the same patients and statis: 
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cally, no separation of data appeared indi- 
ted. 
Of 78 tests performed on 31 normal subjects, 
} were positive, 35 negative and 27 equivocal 
(.o change following nitroglycerin). Thus 21 
‘ cent of the tests in the normal group were 
sitive, 45 per cent were negative and 34 per 


PaBLE 1.—Nitroglycerin-Flicker Test in Normal 
Subjects 
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cent were equivocal. Since the 16 positive tests 
were obtained in 11 of the 31 normal subjects, 
ii is apparent that approximately one out of 
> in the normal group gave an abnormal re- 
sponse to the nitroglycerin flicker test (tables 
and 2). Of 28 normal subjects upon whom 
iore than one test was performed, 7 showed 
ith positive and negative responses and 14 
¢ ve One or more indeterminate results in addi- 
on to positive and/or negative responses. In 
subjects upon whom seven tests were per- 


formed, all of the responses were equivocal. 
From table 1 it can be seen that the average age 
of those giving one or more positive tests is 
significantly greater than that of the subjects 
who showed only negative response. 

Of 130 tests performed on 38 hypertensive 
patients, 41 were positive, 69 negative and 20 
equivocal. Thus 32 per cent of the tests per- 
formed on these hypertensive subjects were 
positive, 53 per cent were negative and 15 per 
cent were equivocal. Inasmuch as the 41 posi- 
tive tests were obtained in 24 of the 38 patients, 
it may be stated that approximately 2 out of 
3 of the hypertensive patients showed one or 
more positive responses. This finding is in dis- 
tinct contrast with that observed in the normal 
group in which one or more positive tests were 


TaBLE 2.—Analysis of 335 Nitroglycerin-Flicker 
Tests in 107 Subjects 


Noe [No Pos. Tests Neg. Tests | Eq. Tests 


Cases Tests — : ——— ? 
No. | % | No.| &% No. 


Normals.......| 31 | 78) 16 | 21 | 35 | 45 
Hypertensives.| 38 | 130 41 | 32 | 69 | 53 | 20 
Arterioscle- 

rotics........| 38 9 | 46 | 54 | 43 | 14 


obtained in approximately one out of every 3 
patients studied. In the 27 hypertensive 
patients in whom more than one nitroglycerin- 
flicker test was performed, 15 showed both 
negative and positive responses. In this latter 
group of 15 patients, 54 tests were negative and 
28 positive. Moreover, in the 27 patients in 
whom more than one test was obtained, only 
3 showed a consistently positive response 
whereas 5 patients of this group revealed con- 
sistently negative responses. If the results ob- 
tained in the 38 hypertensive patients are 
analyzed according to the predominance of 
positive or negative tests in each of the patients, 
it is seen that 10 could be classified as ‘“‘posi- 
tive” and 18 as “negative” (table 3). These 
findings appear to indicate that a positive re- 
sponse to the nitroglycerin-flicker test is more 
commonly encountered in hypertensive than 
in ‘normal’ subjects. Repeated performance 
of the test in patients with arterial hypertension 
will almost invariably result in one or more 
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positive responses. In many instances, how- 
ever, as many as eight tests may have to be 


TABLE 3.—Nitroglycerin-Flicker Responses in Thirty 
Eight Hypertensive Subjects 


Diagnosis Pos. 


Trans. Hyp. 
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Adv. Hyp. 
Adv. Hyp. 
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Adv. Hyp. 
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Adv. Hyp. 
Adv. Hyp. 
Adv. Hyp. 
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Old Inf. 
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performed on a single hypertensive patient 
in order to obtain one positive response. The 
great frequency of negative responses in the 
hypertensive group therefore indicates a rela- 
tively low degree of specificity of this test. 


Consequently a single negative response, or 
even several consecutive negative responses i) 
any given patient are meaningless from a diag- 
nostic point of view. 

Of 127 tests performed on 38 patients wit] 
arteriosclerotic heart disease 59 were positive 
54 were negative, and 14 were equivocal. Thus 
16 per cent of the tests in this group wer 
positive, 43 per cent were negative, and 11 pe 
cent were indeterminate. The 59 positive test 
were obtained in 28 of the 38 patients studied 
Thus, approximately 3 out of 4 of the patient 
with coronary heart disease showed one or mor: 
positive responses. The frequency of positiv: 
tests in this group was, therefore, appreciabh 
higher than that observed in the hypertensive 
(2 out of 3) or normal (one out of 3) group 
In the 26 patients in the “coronary disease 
group”’ in whom more than one flicker tes 
was performed, 20 showed both negative and 
positive responses. In this latter group of 20 
patients 47 tests were negative and 46 were 
positive. Moreover, in the 26 patients in whom 
more than one test was obtained, only 4 showed 
a consistently positive response whereas one 
patient of this group revealed only negative 
tests. If the results obtained in the 38 coronary 
disease cases are analyzed according to the 
predominance of positive or negative tests in 
each of the patients, 15 could be classified as 
“positive” and 13 as “‘negative’’ (table 4). 
From this finding it is again evident that 
patients with coronary disease showed a sig- 
nificantly higher incidence of positive tests 
than the normal or hypertensive groups. As in 
the patients with hypertensive disease, repeated 
performance of the test in subjects with arterio- 
sclerotic heart disease will almost invariably 
result in one or more positive responses. A 
number of tests may have to be carried out in 
some of these patients, however, in order to 
obtain one positive response. In both the hyper 
tensive and coronary groups the great fre 
quency of negative tests indicates that one or 
even a few such responses in any given patient 
is without diagnostic significance. 

Forty-four patients in the total series were 
tested by means of the Master two step test 
and/or the cold pressor test* (table 5). In 19 
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hypertensive patients upon whom the cold TaBLE 5.—Analysis of Flicker, Master and Cold 


; essor test was performed, 12 were found to saci vile esig-etelamaaan 
with Cardiovascular Disease 


BLE 4.—Nitroglycerin-Flicker Responses in Thirty- Flicker 
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The cold pressor test, performed on 11 patients 
in the coronary disease group, showed 6 of the 
subjects to be hyperreactors. Three of the 6 
hyperreactors failed to show either a positive 
response or predominantly positive responses 
(if more than one test was performed) to the 
flicker test. It seems apparent, therefore, that 
no correlation exists between the results of the 
nitroglycerin-flicker fusion test and the cold 
pressor test in subjects with cardiovascular 
disease. 

Thirty-three of 41 patients studied showed 
a consistently positive response to the Master 
two step test. Of these 33 patients, 22 failed 
to show either a positive response or more posi- 
tive than negative responses (when multiple 
tests were performed) to the flicker test. Of 92 
flicker tests performed on these 33 patients 
who showed a positive response to the Master 
two step test, 56 were negative and only 36 
were positive. Thus, while a series of flicker 
tests is more likely to show one or more positive 
responses in patients with coronary disease 
than in normal persons, the method obviously 
lacks the specificity of the resting and exercise 
electrocardiograms in the diagnosis of arterio- 
sclerotic heart disease. 


DISCUSSION 


Our observations of the response to the nitro- 
glycerin-flicker test in 31 normal subjects and 
76 patients with cardiovascular disease indi- 
cate that a positive response is more likely to 
be encountered in the latter group when either 
single or multiple tests are performed. While 
this phenomenon appears to be of interest, it 
would seem of little value in the diagnosis of 
angina pectoris, coronary occlusion, or incipi- 
ent hypertension when the evidence is equiv- 
ocal. Our data show that a single negative 
test or even multiple negative tests are not 
uncommonly encountered in the presence of 
advanced cardiovascular disease. It is not un- 
usual for patients who present clinical evidence 
of heart disease, abnormal resting electro- 
-ardiograms and/or a positive Master two step 
test to show one or more consecutive negative 
responses to the flicker test. Such negative 
responses are certainly a frequent occurrence in 
patients with arterial hypertension regardless 


of the severity of the disease. The fact that 
there is a greater frequency of negative tests 
in patients with hypertension than in those 
with cardiovascular abnormalities without 
hypertension seems to challenge the basic hy - 
pothesis that the nitroglycerin-flicker fusio. 
test is capable of revealing vasospasm. 

From these considerations it is evident tha 
a negative test is of no significance. Moreovei 
it is unknown whether or not a positive te: 
‘an be accepted as evidence of existent or in 
cipient cardiovascular derangement. Twenty 
one per cent of the tests performed upo 
patients in our normal group were positive. 
Before any significance could be attributed t 
such positive response in normal subjects 
would have to be shown by prolonged follow-u 
studies that a positive test is a heralding sig 
of cardiovascular disease. 

It is possible that the flicker test will have 
as little value in the diagnosis of abnormalities 
of the cardiovascular system as the cold pressor 
test has had in the detection of latent or in- 
cipient hypertension. Thus, although the cold 
pressor test in hypertensive subjects shows an 
incidence of hyperreaction amounting to ap- 
proximately 95 per cent, no compelling evidence 
has been advanced in the 15 years since its 
introduction to warrant acceptance of the 
hypothesis that a positive cold pressor test in 
an apparently normal subject indicates poten- 
tial hypertension. On the contrary, one of us 
has shown that hyperreaction is in some way 
related to the phenomenon of aging, and is 
unrelated to a positive family history of hyper- 
tensive disease.®: 7 In similar manner a positive 
flicker test may be more common in the pres- 
ence of cardiovascular disease and yet exist in 
apparently normal subjects in whom such ab- 
normalities are neither existent nor threatening. 

Comparison of results of the flicker fusion 
test with those of cold pressor and Master 
tests has not confirmed the value of the first 
as a diagnostic aid. No significant correlation 
was observed between the findings of th 
Master test and the flicker test, or between the 
cold pressor test and the flicker test. The in 
consistency of response to the nitroglycerin- 
flicker fusion test even in the presence of ad- 
vanced cardiovascular disease, indicates that 
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is technie would be completely unreliable for 
e evaluation of the vasodilator properties of 
\ ious drugs. 
It is our conclusion that Krasno and Ivy 
ive reported an interesting phenomenon 
hich is worthy of further research investiga- 
mn. We believe, however, that representation 
the flicker fusion photometer to the medical 
) vofession and laity as an instrument ‘for the 
ily detection of heart disease tendency’’ is 
th unwarranted and unwise. It should be 
vious that in the light of present knowledge 
calculable harm can result from conclusions 
erived from the use of this instrument. Cer- 
iinly, no justification exists at this time for the 
nployment of the photometer in general prac- 
ce because of its lack of scientific foundation 
and its great potentialities for inducing cardiac 
euroses. Moreover, it should be recognized 
that the procedure is not completely innocuous. 
Of 107 patients tested, 8 showed circulatory 
collapse as a direct result of the prescribed 
sublingual administration of nitroglycerin (0.4 
mg.). 


SUMMARY 


The nitroglycerin—flicker fusion test was per- 
formed on 107 subjects of which 31 were normal 
persons and 76 were patients with cardio- 
vascular disease. In the latter group, 38 had 
arterial hypertension and 38 arteriosclerotic 
heart disease. A positive flicker test was more 
commonly encountered among patients with 
disease of the cardiovascular system than 
among normal subjects. The frequency of a 
single negative test or even multiple negative 
tests, however, in patients with well established 
abnormalities of the heart or blood vessels 
clearly indicates the lack of specificity of this 
test for the diagnosis of such disease. These 
findings open to question the basic hypothesis 
that the test is a sensitive indicator of under- 
lying vasospasm and suggest that other mech- 
‘nisms may be responsible for a positive test. 


The inconsistency of response even in the 
presence of well established cardiovascular 
disease renders the test unreliable for the 
evaluation of vasodilator properties of various 
drugs. 

No correlation was found between the results 
of the nitroglycerin-flicker test and those of 
the Master and cold pressor tests respectively. 
The comparison of the three methods throws 
doubt upon the significance of a positive re- 
sponse to the flicker test. Follow-up studies 
over a period of years will be necessary to 
determine the meaning of a positive response 
in normal subjects. Until such information 
becomes available, the flicker fusion photom- 
eter should be made a research instrument 
exclusively. The potential dangers from its 
wide-spread employment “for the early detec- 
tion of heart disease tendency” should be 
recognized and prevented. 
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Some Effects of Digoxin on the Heart and 
Circulation in Man 


Digoxin in Enlarged Hearts Not in Clinical Congestive 
Failure 


By Résant M. Harvey, M.D., M. Irenfé Ferrer, M.D., Ricuarp T. Carucart, M.D., 
AND JAMES K. ALEXANDER, M.D. 


The early effect of intravenous Digoxin was observed in 12 patients with cardiac enlargement in 
whom there was no clinical or physiologic evidence of failure. There was either a fall or no change 
in the cardiac output and the intracardiac pressures did not alter following administration of the 
drug. The reaction to Digoxin in this type of patient with heart disease was in no way different from 
the response seen in two normal subjects included in the study but is in sharp contrast to the re- 
sponse elicited in patients in congestive heart failure. 


REVIOUS reports have been published 

on the effects of intravenous Digoxin in 

left ventricular failure' and right heart 
failure? and these studies have indicated that 
the failing heart responds with an increase 
in cardiac output. This effect has been at- 
tributed to a myocardial action of the drug. 
The present study has been undertaken to 
determine the drug action in patients with en- 
larged, and hence abnormal, hearts who had no 
evidence, either clinical or physiologic, of con- 
gestive cardiac failure. In considering the re- 
sults, interest has been centered about two 
main problems; first, how does the reaction of 
the enlarged heart to acute digitalization differ 
from that of the enlarged and decompensated 
heart and second, what information can be 
obtained about the circulatory dynamics in the 
former group of patients. The reaction to 
Digoxin in 2 individuals without any evidence 
of heart disease is included in this study for 
comparison, as is the effect of the drug in one 
patient in congestive failure. 
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MaTERIAL AND METHODS 


The 12 patients with enlarged hearts include 2 
with hypertensive cardiovascular disease, 5 with 
arteriosclerotic heart disease, one with syphilitic and 
3 with rheumatic heart disease, and one with an 
unknown variety of heart disease. The criteria used 
for diagnosis were these of the New York Heart 
Association. The functional and therapeutic classifi 
cation represents the status of the patient at the 
time of the study. The details of the diagncses can 
be found in table 1. It should be noted that 3 of the 
12 patients had had a recent episode of cardiac 
failure. In 2 this appeared to be left heart de 
compensation (cases 391 and 418) while in the third 
patient (case 552) there were signs of right-sided 
failure as well as of pulmonary congestion. In all 3 
however, these signs and symptoms had entirely 
disappeared after bed rest and without specific medi 
cation. 

Cardiac enlargement was present in all 12 patients 
as revealed by x-ray and fluoroscopic examination 
However, in 4 of these patients (cases 399, 391, 522, 
407) the enlargement was minimal. All but 3 pa 
tients (cases 399, 391, 522) had abnormal electro 
cardiograms. 

The method of investigation used in this study 
has been previously described.':? The dosage ot 
Digoxin varied from 1.00 to 1.50 mg. as can be seen 
in table 1. In the interpretation of results reference 
is made to the criteria obtained from control data 
as presented in a previous publication.' It is well t 
reiterate that any cardiac output change greate: 
than 9 per cent of the control measurement. is 
ascribed to the action of the drug provided that the 
oxygen consumption remained constant. Preserva 
tion of the steady state is essential in any investiga 
tion utilizing the Fick principle. Not only will a 
constantly changing state invalidate the cardiac 
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utput measurement but it will obviously provide 
‘onfusing and conflicting results. Inspection of oxy- 
en consumption measurements and the respiratory 
juotients throughout the study affords one of the 
est criteria for the determination of the presence or 
ibsence of a steady state and the values for these 
neasurements are essential in evaluating any results. 

Changes in the blood pressures were considered 
ignificant only if they fell outside a range of varia- 
ion which has been previously established for this 
ype of investigation'; the values are as follows: for 
systemic artery blood pressures, systolic —16 to 
+29, diastolic —6 to +13, mean —12 to +18 mm. 
Hg; for pulmonary artery, systolic —4 to +5, 
liastolie —4 to +1, mean +5 mm. Hg; and for 
ight ventricular end diastolic and right auricular 
mean pressures —2 to +4 mm. Hg. 


RESULTS 


The first of the 2 patients with hypertensive 
heart disease (case 399, in tables 1 and 2) had 
2 normal control cardiac output, right auricular 
mean pressure and blood volume. The second 
patient (case 391) had normal right ventricular 
pressures and a somewhat increased cardiac 
output (tables 1 and 2). Both patients had a 
considerable fall in cardiac output after Digoxin, 
i Maximum decrease of 32 per cent: and 21 per 
cent respectively, and a decrease in stroke 
volume (—37 per cent and —14 per cent), 
without alteration in the brachial artery or 
right heart pressures. The heart rate increased 
in one (case 399) and did not change in the 
other. 

Of the 5 patients (tables 1 and 2) with 
arteriosclerotic heart disease, only one had a 
normal control cardiac output (case 449). Three 
had low cardiac outputs (cases 402, 444, 418) 
and only one of these (case 418) had ever been 
in overt cardiac failure. The fifth patient (case 
182) had a systemic blood flow which was at 
the lower limit of normal. Right heart pressures 
in all but one patient (case 444) were normal. 
The latter had pulmonary artery hypertension 
secondary to chronic pulmonary disease, and a 
normal right ventricular end diastolic pressure. 
lhe systemic blood pressure values were not 
remarkable. Blood volume measurements were 
normal in all but 2 of these 5 patients. Increase 
in the plasma volume was found in the one 
subject who had been in previous cardiac failure 
(case 418), and the patient also had a mild 
anemia (11.5 Gm. hemoglobin). Increase in 


plasma volume and some increase in red cell 
volume was noted in the patient (case 444) 
who had chronic pulmonary disease in addition 
to heart disease. 

The changes in cardiac output following 
Digoxin were less striking in these 5 patients 
with arteriosclerotic heart disease than in the 
2 with hypertensive heart disease. Three of the 
5 had no change in output and in the other 2 
(cases 402, 449) the fall was minimal (10 per 
cent), and even transitory (case 402). Changes 
in stroke volume appeared equivocal. Only one 
of these 5 patients had a change in heart rate, 
a fall of 10 beats. Uniformly there was no 
alteration in right heart pressures in the entire 
group. In 2 patients (cases 449, 482) the 
brachial artery pressures did not vary signifi- 
cantly after Digoxin. A third subject (case 402) 
had a very marked rise in systolic, diastolic 


_and mean arterial pressures after the drug. In 


the remaining 2 patients (cases 444, 418) in 
this group there was a small increase in systolic 
brachial artery pressure which, however, was 
probably not significant. 

The group of 4 patients with valvular heart 
disease (cases 429, 498, 522, 552), one of whom 
(case 429) also had moderate anemia (5.2 Gm. 
hemoglobin), are also included in tables 1 and 
2. The control data reveal that the patient 
with syphilitic heart disease and anemia (case 
429) had an increased cardiac output and 
plasma volume with normal pulmonary artery 
and right ventricular pressures. The brachial 
artery diastolic pressure was quite low, as might 
be expected with aortic insufficiency. The other 
patient with aortic insufficiency, chronic alco- 
holism, and no anemia (case 498) had a normal . 
cardiac output and an increased plasma vol- 
ume. Right heart pressures were normal and 
there was a low diastolic pressure in the brachial 
artery. Neither patient had ever shown clinical 
evidence of cardiac failure. The first patient 
(case 429) had a 9 per cent decrease in cardiac 
output after Digoxin, which cannot be con- 
sidered significant according to the given cri- 
teria. This occurred without any other hemo- 
dynamic change except for a slight slowing of 
the heart rate. The patient with rheumatic 
aortic insufficiency (case 498) had an increase 
of 18 per cent in cardiac output and 28 per 
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TaBLeE 1.—Effect of Digoxin on Blood Pressures, Cardiac Output, Stroke Volume and Heart Rate, in 12 Patients with 
Enlarged Hearts and No Cardiac Failure 


Pulmonary Right 


Brachial Artery Artery Ventricle 


Time 
: (mm. Hg) 
(min.) s/a 


Cardiac Stroke | Heart Rate 
Output Volume | (beats per 
min.) 


Case 


m a = ee He) (L./min.) (cc.) 


#399 M. M. 53 years. F.B.S.A. | Control | 196/104 88 
1.57. HCVD. EH. NSR. IA. 201/103 ; 5.30 60 88 
Right hemiplegia, old. Never 216/118 88 
in failure. 7T 222/127 q 90 

12 217/117 88 
20 4.27 46 93 
26 227/117 ; (—20%) | 93 
30 213/109 : 90 
39 216/113 : 100 
46 3.58 38 94 
50 227/119 154 ‘ (—32%) 95 
227/116 15: : 100 

4.52 € 100 

76 (—15%) 100 


#391 A. R. 53 years. F. B.S.A. | Control | 158/91 | 2 4 5.57 
1.44. HCVD. EH. NSR. IA. 161/91 119 
Recovered from left ventric- | 155/90 =117 
ular failure. St 161/92 118 
11 152/87 109 
16 
21 145/84 104 
31 145/86 104 
33 140/80 96 
41 172/98 127 
152/86 111 
51 158/90 112 


171/94 
171/94 
169/94 


#402 C. I. 71 years. M. B.S.A. | Control | 169/70 
1.36. ASHD. EH. Dilated 169/69 
aorta, AF. LBBB. IA. Never 180/69 
in failure. 7t 206/79 

24 224/75 
31 
42 199/66 
68 245/86 
78 
83 218/70 
93 237/85 
104 220/78 
113 
122 








#449 A. B. 75 years. M. B.S.A. | Control 
1.88. ASHD. EH. Dilated 
aorta. NSR. IA. Never in 
failure. 135/69 
135/66 
148/70 





























#482 S. M. 53 years. M. B.S.A. 
1.63. ASHD. EH. CS. MF. 
RBBB. NSR. Anginal syn- 
drome. (Previous hyperten- 
sion.) IIB. Never in failure. 

















#¥ 444M. R. 70 years. M. B.S.A. 
1.65. ASHD. EH. CS. MF. 
RBBB. NSR. IA. Chr. pul. 
emphysema. Bronchiectasis. 
Never in failure. 











#418 J.S. 73 years. M. B.S.A. 














Control 


5§ 
13 
20 


24 


35 


53 


59 





Control 


St 


14 
24 
34 
39 
48 


Control 





Case Gain.) = 
35 | 
37 ~—s«|:«4134/66 
48 138/66 
59 ~—-|: 133/63 
66 
70 ‘|: 127/62 
74 ~—«|:«:138/63 





116/66 


| 126/72 


116/68 
120/69 
124/68 


| 127/71 


124/70 
133/74 


145/60 
140/58 
161/65 
154/62 
151/62 


| 168/65 


168/65 





Brachial Artery | 
Hg) 


99 
95 
107 
103 
100 


109 
108 


TaBLeE 1—Continued 





Pulmonary Right Cardiac Heart Rate 
Artery Ventricle 
imme) | cm Big) | (DUE (beats per 
5.71 64 
19/4 19 63 
20/5 20 60 
21/ 21 60 
5.66 60 
19/5 19 (—10%) 60 
20/5 58 





35/12 
36/12 
37/12 
37/11 
38/15 


32/10 
34/13 


18 0 
14 


34 





On wo fe 





4.37 


4.21 















140/76 102 4.85 
1.84. ASHD. Calcifie aortic | 144/79 104 
stenosis. EH. NSR. and | 6§ 162/80 110 
APC’s. IIB. Anemia. Re-| 12 | 167/80 116 | 
covered from left ventricular 18 | 166/75 104 
failure. 26 =| 163/69 102 | 
| 1 | 5.02 
| 36 | 151/76 102 | 
| 47 | 158/77 105 
| 55 | 156/72 102 
| 87 5.10 
| 73 | 145/72 98 
#429 T. M. 63 years. M.B.S.A. | Control | 147/43 90 | 23/7 
1.69. SHD. EH. AI. Dilated | 147/43 87 24 4 
aorta. NSR. IA. Anemia. | | 147/40 8&6 24/7 24 4 6.94 
Never in failure. | 6t 156/44 90 18/6 18 1 
| 14 | 156/33 84 | 18/5 18 1 
| 21 =| 161/35 85 | 18/5 18 1 
| 26 6.34 
| 32 156/32 83 | 21/5 21 4 
44 133/29 71 | 23/6 23 5 
47 6.56 
54 137/32 73 | 23/5 23 
61 148/30 77 | 23/5 23 
70 6.69 
74 154/38 83 | 23/5 23 
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TABLE 1—Continued 


* 498 L. H. 36 vears. M. B.S.A. 
1.90. RHD. EH. AI. (Austin 
Flint murmur.) NSR. IA. | 
Chronic alcoholism. Never | 
in failure. 


| 
| 


#522 P. P. 17 years. M. B.S.A. | 
1.53. RHD. EH. MS. MI. AI. | 


NSR. IA. Never in failure. 


| 
| 


1.77. RHD. EH. MS. AF. 


IIB. Recovered from failure. 


| 
— | 
* 552 J. S. 52 vears. M. B.S.A. | 


| 


#407 J. H. 42 vears. M. B.S.A. 

1.69. Unknown HD. EH. NSR.| 
IA. Chronic alcoholism. | 
Never in failure. 


Time 
(min.) 


Control 


6f 
17 
23 
35 
38 
46 
53 
60 
66 


Control 


St 
18 
27 
30 
41 
45 
54 
68 
69 


Control 


5t 
13 
17 
26 


40 


. 


ne 


o4 


65 


Brachial Artery 
Hg) 


(mm. 
s/d 


129/53 
127/48 
133/50 
136/55 
138/53 
163/68 


151/53 
155/56 


150/60 


153/ 

99 
118 
117 
119 
123/58 


136/6 
128, 
131 
132 


22/78 
/78 


m 


84 
80 


84 
83 


Right 
Ventricle 
(mm. Hg) 

~ d 


Pulmonary , 

. Stroke 

Artery Volume 
(cc.) 


Cardiac 
Output 


(mm. Hg) (L./min.) 


s/d m 


16/8 
16/8 
16/8 
13/6 
13/ 


By 
13 ‘ (+18%) 


16/6 


15 

15/5 11 
16/6 11 
13/5 


29/13 19 


27/13 19 
28/12 19 
29/14 21 


18 
17 
28/12 17 
26/11 17 
25/9 16 
26/9 16 


Heart Rate 
(beats per 
min.) 


65 
73 
60 
60 
60 
60 
66 
60 
60 
60 
69 
60 
&3 


SO 


83 


83 
71 
75 
85 
79 
83 


79 


‘é 





Control 


116/70 
107/65 
111/70 
114/71 
129/79 
127/79 


119/77 
122/77 
120/80 
139/88 


130/83 
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nt in stroke volume after the drug. The 
ulmonary artery and right ventricular pres- 
sires did not change, while there was a moder- 
»'e rise in systolic pressure in the brachial 
atery. Heart rate did not change significantly. 

The data in the rheumatic cardiac patients 
‘ith mitral valve lesions were of considerable 
i terest. The patient (case 522) with a double 

itral lesion and aortic insufficiency had never 

id any cardiac symptoms. His cardiac output 

as increased and pulmonary artery, right ven- 

icular and brachial artery pressures were all 

rmal. After administration of Digoxin, there 
vas an equivocal fall (9 per cent) in cardiac 
output and no other hemodynamic change. 
‘The patient (case 552) with only mitral stenosis 
had recovered from a recent episode of failure. 
His control cardiac output was quite low and 
the diastolic and mean pressures in the pulmo- 
nary artery were definitely elevated although 
the systolic was at the upper limit of normal. 
This pressure pattern probably is the result of 
some left auricular hypertension secondary to 
mechanical block at the mitral valve. The 
brachial artery pressures were somewhat low, as 
might be expected with the very low stroke 
volume. The blood volume was normal, as was 
the end diastolic or filling pressure in the right 
ventricle. After Digoxin there was no signifi- 
cant change in any of the physiologic measure- 
ments made. In the last of the 12 patients with 
an enlarged heart and no failure (case 407), no 
etiologic diagnosis could be reached. The elec- 
trocardiogram showed T wave abnormalities in 
leads I and II and V, through V¢, and there was 
prolongation of the Q-T interval. An elevation 





of the cardiac output with normal right ven- 
tricular and brachial artery pressures and a 
normal blood volume characterized the control 
data. After the drug was given the cardiac 
output fell consistently throughout the post- 
Digoxin period of 61 minutes, reaching a maxi- 
mum decrease of 34 per cent. There was a 
stroke volume fall of 36 per cent at this time, 
and no change in heart rate. The right auricular 
and ventricular pressures did not change sig- 
nificantly, but the systemic arterial pressures 
rose after Digoxin. 

In summary, 5 of the 12 patients with en- 
larged hearts had a fall in cardiac output after 
Digoxin, in 6 the output did not vary sig- 
nificantly, and in one there was a rise in output. 
There was no change in right auricular, right 
ventricular or pulmonary artery pressures in 
any patient and in only 3 patients was there a 
significant rise in systemic arterial pressures. 
Heart rate showed no change in 9 patients and 
varied only slightly in the other 3. 

The 2 subjects with normal hearts (tables 2 
and 3) both responded to the administration of 
Digoxin in the same manner; namely, a fall of 
17 per cent and 18 per cent respectively in 
cardiac output without change in right heart 
or systemic artery pressures. The heart rate 
did not alter significantly. The control cardiac 
output in one of these subjects (case 481) was 
below the normal range. Such values have oc- 
casionally been seen in normal individuals.* In 
the absence of any other evidence of circulatory 
disease this low value is accepted as a normal 
variant. 


Footnotes TO TABLE 1 


* Right auricular mean pressure. 


+ Time after start of injection of 1.00 mg. Digoxin. 
t Time after start of injection of 1.25 mg. Digoxin. 
§ Time after start of injection of 1.50 mg. Digoxin. 


s = systolic; d = diastolic; m = mean. 

F. = female; M. = male. 

B.S.A. = Body surface area in square meters. 
ASHD = Arteriosclerotic heart disease. 

HiCVD = Hypertensive cardiovascular disease. 
LHD = Rheumatic heart disease. 

SHD = Syphilitic heart disease. 

1 H = Enlarged heart. 

(S = Coronary sclerosis. 


RBBB = Right bundle branch block. 
LBBB = Left bundle branch block. 

MF = Myocardial fibrosis. 

AI = Aortic insufficiency. 

MI = Mitral insufficiency. 

MS = Mitral stenosis. 

NSR = Normal sinus rhythm. 

AF = Auricular fibrillation. 

APC = Auricular premature contraction. 
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TaBLE 2.—Physiologic Data Concerning Cardiac Output and Blood Volume in (1) Twelve Patients with Enlarge: 
Hearts and No Cardiac Failure and (2) Two Patients with Normal Hearts 


Cardiac Oxygen y Arterial Blood Oxygen Blood Volume 
odie Consump- | ovo. ae ae 

(Lmin.)| 2. tion Da. | ¢ TBV | PV 

M? BSA) pong (vol. %) Cont. Cap. Sat. 


(vol. %) (vol. ©) (%) Nee 


| (cc./M? BSA) 


(1) 


* 399 Control 24 .7$ 3. ; 17.§ 94 
M. M. 20* 94 


46 2.28 8 ; Da ; 95 


2340 | 1290 | 44 


69 2.88 a8 a ). : 95 


Control 3.8 .78 3. 8 a 99 
16* eB wa : J ; 97 
56 3. 18 3.6 8 8 95 
90 3.4% o® 3.8 5.< ; 91 


Control 2: ; ; ia 8.é 95 3100 
3i* 8 ‘ =a 732 B.4 96 
78 . 


113 2. ; 5.8 5. 8. 93 


Control 3.33 7 4, 2 7 97 
35t 94 
66 o. 8 4. ‘ 8 97 


Control 2.71 8 : 3.6 44 99 
20t 2.4 Se 4. 3.6 4. 99 
53 — 

Control 
S4* 


Control 2: ; 5.8 a 5. 98 2020 
33t 2.73 .78 5. 4.2 95 


57 2. .86 . a 6 94 


Control 4, ‘ ‘ . 5. 90 2690 
267 7 
47 
70 


Control 2.7: : § J is 3530 
35* : ; 
60 


Control 
2* 


68 


Control 
i3* 
33 


57 


or or 


or or 
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Oxygen 
Consump- 
tion 
(cc./min./ 


Cardiac 
Index 
(L./min./ 
M? BSA) 


RQ. 


M? BSA.) | 


TABLE 2—Continued 


Blood Volume 


Arterial Blood Oxygen 


A-V 
Oxygen 
Diff. 
(vol. %) 


| TBV PV 


(cc./M? BSA) 


Cont. 


Cap. 
(vol. %) 


(vol. % 


| Sat. 
| (%) 


(1)—Continued 


Control 
17t 
53 


149 
149 
146 


Ni 





(2) 


Control 
28t 
44 


.32 
.98 
.92 


113 
109 
110 


Control 3.29 
20t 2.70 
75 3.25 


138 
135 
137 


2570 | 1470 


3000 


1735 





*Time after start of injection of 1.00 mg. Digoxin. 


+ Time after start of injection of 1.25 mg. Digoxin. 
t Time after start of injection of 1.50 mg. Digoxin. 
R.Q. = Respiratory quotient. 

TBV = Total blood volume. 

PV = Plasma volume. 

H’crit = Hematocrit. 


Discussion 

The physiologic findings in the subjects with 
enlarged hearts confirmed the clinical im- 
pression that there was no associated congestive 
heart failure in any of the 12 patients. Despite 
a wide variety of clinical diagnoses, they were 
all strikingly similar in one respect; their pul- 
monary artery and right ventricular pressures 
did not indicate failure of emptying of either 
ventricle. This was obvious in the 10 patients 
who had normal right heart pressures. In the 
remaining 2 patients, mild pulmonary hyper- 
tension was due in one instance to mechanical 
block at the mitral valve,‘ and in the other to a 
reduction of the pulmonary vascular bed as a 
result of chronic pulmonary emphysema.?: ® If 
pulmonary hypertension were due to left heart 
failure in either of these 2 patients, it would 
have been expected to diminish with Digoxin. 
Since there was no change in pulmonary artery 
pressures with acute digitalization, and further- 
nore in the patient with rheumatic heart dis- 
ease (case 552) no change in these values was 


noted after two weeks more of bed rest and 
maintenance Digoxin, one presumes that in 
these 2 patients the pulmonary hypertension 
was due to anatomic lesions. 

The level of cardiac output in these 12 pa- 
tients varied from high to low and apparently 
had no influence on the pressure pattern at rest. 
Four of these patients had an increased plasma 
volume which in 2 was apparently related to 
anemia, while in the other 2 


= 


there was no 
definite explanation for this mild hypervolemia. 
However, it is particularly noteworthy that 
the patients with low cardiac outputs did not 
necessarily have an increased blood volume. 
It should be recalled from previous studies! 
that when left heart failure is present there is 
pulmonary artery hypertension which subsides 
when acute digitalization causes a rise in car- 
diac output. In right failure an elevated right 
ventricular diastolic pressure is found and this 
also is reduced as the output increases with 
Digoxin intravenously.? An increase in cardiac 
output is also the characteristic response to 





3v4 


digitalization when either right or left con- 
gestive heart failure, or both, exist. This fact is 
illustrated in figure 1, which demonstrates 
graphically the effects of Digoxin in congestive 
failure in a patient with hypertensive cardio- 
vascular disease. As the output increased the 
elevated pulmonary artery and right ventricular 
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who received Digoxin. All but one of the pa- 
tients given Digoxin in this study either had a 
fall or no change in cardiac output after the 
drug. Furthermore, there was no effect by 
Digoxin on the right heart pressures in these 12 
cardiac patients or in the 2 patients with normal 
hearts. It will be recalled from a_ previous 


TABLE 3.—Effect of Digoxin on Blood Pressures, Cardiac Output, Stroke Volume and Heart Rate in 2 Patients wit! 
Normal Hearts 


Brachial Artery 
(mm. Hg) 
s/d m 


Time 
min. 


#481 L. L. 52 vears. M. 
B.S.A, 1.56. Chronie Pul- 
monary Emphysema 


110/69 
116/69 
114/68 
111/68 
121/73 
120/71 
118 


Control 


11S 


113 
110 
118 


107 
127/58 
125/58 
7* 138 

ll 146 
20 


¥406 P. B. 59 years. M. Control 


BS.A.. 1.75. 
herculosis. 


Silico-tu- 


24 145 

30 143 

39 120 

45 138 

60 127/56 
75 

79 132/60 
82 132/60 


* Time after injection of 1.50 mg. Digoxin. 
+ Right auricular mean pressure. 


pressures fell, indicating relief of right and left 
sided congestion. 

It is obvious that with the exception of one 
patient (case 498) the reaction to acute digi- 
talization in these patients with enlarged hearts 
and no failure (see fig. 2) differs entirely from 
the patients in heart failure previously reported 
and is in no way different or distinct from the 
reaction of the 2 patients with normal hearts 


Pulmonary 


(mm. Hg) 


s 


17/6 11 


Right aie 
Ventricle — 
(mm. Hg L./min.) 

d m s d 


Stroke 


Artery Galume 


3.61 


17/6 11 
18 12 
18 10 
21/8 12 


21/8 


11 


20/8 12 


19 


al 


ag 
NS or 


or or cr 
oann we = 


ooo 


or 


publication? that Digoxin did not alter cardiac 
output or right heart pressures in 3 patients 
with chronic cor pulmonale who had no evi- 
dence of heart failure when they received the 
drug. Hence the absence of effect upon pulmo 
nary artery or right ventricle pressures in a 
total of 15 patients who were not in cardia 
failure would appear to be uniform and con- 
clusive. 
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The variable effect of Digoxin upon the ar- 
terial blood pressure has been noted in previous 
studies.':? It can be said that in the present 
gioup of patients the changes in blood pressure 
wien they occurred were not primarily de- 


W.M. HCVD. EH. NSR. CHF. 


VOLUM 


LIT./ MIN/S Mm 
A STROKE 


BLOOD FLOW 


RATE @ CARDIAC ouTPU 


HEART 
PER 


PULMONARY ARTERY 


PRESSURES 


Rr. VENT. 
DIASTOLIC 


BLOOD 


> 
« 
w 
- 
« 
< 
a 
<« 
I 
a 
¢ 
« 
o 


R rT 10 20 30 40 so 6OMNNSS 
WORMAL, CONTROL TIME AFTER DIGOXIN 


Fic. 1. The effect of intravenous Digoxin in con- 
gestive failure in a patient with hypertensive cardio- 
vascular disease. Closed triangles = stroke volume; 
closed squares = cardiac index; target dots = heart 
rate; closed circles = pulmonary artery systolic and 
diastolic, and right ventricular end diastolic pres- 
sures; open circles = brachial artery systolic and 
diastolic pressures; cross marks = mean pressures. 

The normal mean values are plotted in the first 
vertical column. Note (1) the increase in stroke 
volume and cardiac output accompanied by a fall to 
normal of the elevated pulmonary artery and right 
ventricular pressures following administration of the 
drug, (2) the brachial artery pulse pressure increase. 


pendent upon cardiac output or stroke volume 
alterations, since 2 (cases 399, 391) of the 3 
patients with the largest fall in cardiac output 
and stroke volume had no change in systemic 
blood pressure while in the third (case 407) 
arterial pressures rose. This patient (case 407) 
was one of the 3 cardiac patients with in- 
creased systemic pressures after. Digoxin and 


of the other 2, one had a fall and one a rise in 
systemic blood flow. These data further confirm 
the impression that the drug has a vasocon- 
strictor effect on the arteries or arterioles them- 
selves, an action quite separate from the myo- 
cardial effect. 

The action of digitalis preparations upon the 
compensated but abnormal heart® as well as 
the normal heart’—® has been reported and dis- 
cussed for many years, and either a fall or no 


ASHD. EH. NSR. 


NOT IN HEART FAILURE 


BLOOD FLOW 


@ CARDIAC OUTPUT 
LIT./ MiN./ M2 


HEART 
RATE 


PRESSURES 


DIASTOLIC 


BLOOD 


Fic. 2. The effect of intravenous Digoxin in a 
patient with an enlarged heart without evidence of 
heart failure. (For symbols see fig. 1.) 

Note that the only significant hemodynamic 
change following administration of the drug was a 
10 per cent fall in cardiac output. 


change in cardiac output has been found. It is 
now possible to measure intracardiac pressures 
along with the systemic blood flow. From the 
present study it is evident that in these patients 
without failure Digoxin does not alter the pul- 
monary artery pressures, the end diastolic pres- 
sure in the right ventricle or the right auricular 
or central venous pressure. These observations 
suggest either that there is no peripheral venous 
action of the drug, or that if there is such an 
effect by this cardiac glycoside it is too small 
to be detected, or is obscured by rapid reflex 
venous adjustments, or does not infiuence cen- 
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tral venous or right heart filling pressures. Since 
the drug produced the observed decrease in 
cardiac output in 5 patients independently of 
central venous pressure change, it would appear 
to have a direct myocardial action in this 
group. It should also be noted that changes in 
‘ardiac output could not be related to a pre- 
vious history of cardiac failure, to the heart 
size, or to the initial level of the cardiac output. 

It is probably impossible as yet to determine 
the exact and intimate details of the action of 
Digoxin in these patients. The solution to this 
pharmacologic problem will probably come 
when the whole problem of the metabolism of 
-ardiac muscle is understood. It is fore- 
shadowed, however, in recent reports on the 
energy mechanism of heart muscle contrac- 
tion’? which stress the fact that in normal 
hearts “successive liberation of energy is made 
possible by expelling electrons from the me- 
tabolites via a long series of respiratory 
enzymes, among which are the cytochromes.’’! 
In heart failure the muscle metabolism is prob- 
ably gravely disturbed, and although energy 
production and oxygen extraction may be nor- 
mal, energy liberation is impaired. The digitalis 


bodies have been suggested as substituting for 
some cardiac enzyme or hormone present in 
subnormal concentration in heart failure, and 
thus improving energy liberation and mechani- 
cal contraction. The assumption that these 
drugs do act on some enzymatic system in 
heart muscle which takes part directly in the 


contraction and_ relaxation process is 
strengthened by recent observations made on 
the effect of a cardiac glycoside on the con- 
tractile proteins myosin and actin." It has been 
suggested that these two proteins represent the 
fundamental constituents of the contractile sys- 
tem of muscle fibers. During contraction they 
migrate together and form actomyosin which is 
the working unit for contraction; the energy 
for the system is supplied by adenosine tri- 
phosphate. Snellman" states that one of the 
cardiac glycosides (digitotal) has an action 
upon isolated actin and others" have shown it 
to have an activating effect upon myosin which 
suggests that these drugs may directly affect 
basic enzymatic reactions essential to cardiac 
muscle contraction. It may well be that cardiac 


muscle metabolism in these patients with en- 
larged but compensated hearts differs basically 
from the metabolism in failing hearts. 

Certain of the data in these 12 patients wit; 
compensated heart disease provide pertinen! 
information concerning hemodynamics in cai- 
diovascular disease. In 2 patients (case 40£, 
444) who gave no history suggestive of cardia: 
insufficiency the resting cardiac output was 
low. This fact strengthens the concept" that 
the absolute level of cardiac output is of less 
importance in the problem of congestive failure 
than pressure elevations. In addition the findin z 
of normal pulmonary artery and right ver- 
tricular pressures was strikingly consistent in 1) 
of these patients despite a considerable variv- 
tion in heart size, basic rhythm and etiologic 
sause for their cardiac disease. It is well to 
remember, however, that hearts with low out- 
put, not in congestive failure, are nonetheless 
abnormal and may represent a different aspect 
of “cardiac failure.” 

This study, although it clearly demonstrates 
the difference in reaction to acute digitalization 
in patients with and without heart failure, does 
not conclusively answer the question of the 
usefulness of prophylactic digitalization. It is 
evident that in the absence of failure Digoxin 
did not increase the cardiac output, except in 
one patient, and produced a decrease in 5. 
However, studies of the reaction of such pa- 
tients to exercise, before and after digitaliza- 
tion, may provide a more conclusive solution 
to the problem than will any interpretation of 
the significance of the cardiac output fall here 
reported. Such studies are being undertaken ai 
present. 


SUMMARY AND CONCLUSIONS 


1. The early effect of intravenous Digoxin 
was studied by the cardiac catheterization pro- 
cedure in 12 patients with enlarged hearts who 
had no evidence of cardiac failure. 

2. In 5 of the 12 patients the cardiac output 
fell, in 6 the output did not vary, and in one 
there was a rise. 

3. There was no change in right auricular, 
right ventricular or pulmonary artery pressures 
in any patient and in only 3 patients was there 
a significant rise in systemic arterial pressures. 
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t. Two patients with normal hearts were 
also studied and showed a fall in systemic flow 
af er Digoxin. 

5. The reaction to Digoxin of the patients 
wth enlarged but nonfailing hearts is con- 
tristed to the response of patients in heart 
fa lure. 
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The Effect of Intravenously Administered 
Digoxin on Water and Electrolyte 
Excretion and on Renal Functions 


By Sau J. Farsper, M.D., J. D. ALEXANDER, M.D., E. D. PELLEGRINO, M.D., 
AND D. P. Earue, M.D. 


Digoxin causes a prompt and considerable water and salt diuresis in congestive heart failure. This 
may occur with little or no change in renal hemodynamics, but usually is associated with decreased 
venous pressure. At times, increased glomerular filtration rate may contribute to the diuresis. In 
patients with noncardiac edema and without edema, Digoxin may also initiate a slight but definite 
sodium diuresis. This effect is not as great as in patients with congestive heart failure and ap- 
parently is not associated with changes in renal hemodynamics, cardiac output or venous pressure. 


HE DIURETIC properties of digitalis 

originally described by Withering are, 

according to present day concepts, con- 
sidered secondary to a cardiac action. Thus, 
the dramatic diuresis following its use in con- 
gestive heart failure is supposedly due to an in- 
creased cardiac output which in turn improves 
renal function.' Some believe that the primary 
action of digitalis is vasodilatation.? According 
to this hypothesis, the drop in venous pressure 
in congestive heart failure following the ad- 
ministration of digitalis is due to dilatation of 
the large veins. Recent observations in the dog* 
that increased renal venous pressure decreases 
urine flow and sodium excretion suggest that 
some of the diuretic effects of digitalis may be 
due to its vasodilatory action. Finally, the 
possibility remains that the drug has an action 
directly on the renal tubules. 

The present study was undertaken to de- 
termine the acute effects of intravenously ad- 
ministered Digoxin on renal hemodynamics and 
electrolyte and water excretion in congestive 
heart failure. In addition, its effects on these 
functions in normal subjects and in patients 
with edema due to nephrosis and cirrhosis of 
the liver were observed. 

In certain experiments central hemodynam- 
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ics and pressures were also measured.! These 
studies were undertaken in part to determine 
the sequence of events following the adminis- 
tration of the drug. It soon became apparent, 
however, that the changes induced by intra- 
venous Digoxin were too rapid to permit defi- 
nite conclusions on this point. Nevertheless, the 
data delimit to some degree the mode of action 
of Digoxin. 


MaTERIALS AND MeEtruHops 


A. Patient Material. The effect of Digoxin ad 
ministered intravenously was examined in 10 pa 
tients who exhibited one or more signs of congestive 
heart failure (table 1). The patients either had re 
ceived no digitalis previously or had been off the 
drug long enough to minimize the danger of the 
intravenous glycoside. One patient received Digoxin 
during three different bouts of failure. Although all 
drug therapy had beeen withheld, some diuresis 
coincident with bed rest occurred in several of the 
patients prior to the time of study. The severity of 
congestive heart failure at the time of study varied 
from mild to severe (table 1). 

Six of the patients had hypertensive and/or arte 
riosclerotic heart disease, 1 had probable rheumatic 
heart disease and 3 had heart disease of unknown 
etiology. The congestive heart failure in patient | 
was complicated by acute glomerulonephritis and 
in patient 7 by a severe anemia and hypoprotein 
emia due to gastrointestinal malignancy (table 1). 

The group without cardiac disease included 5 cir- 
rhotie patients with ascites, 2 patients with nephrotic 
edema, and 28 patients with no cardiac or renal dis- 
ease and no edema. 

B. Procedures. All the subjects were examined in 
the postabsorptive state. No sedative was given 
for at least 12 hours before the performance of the 
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procedure, which was started at approximately 
9 a.m. 

After two or three 15 minute control periods, 1 
to 1.5 mg. of Digoxin in 20 to 30 ml. of 5 per cent 
dextrose in water were administered intravenously 
over a 10 minute period. The patients were then 


given to attain adequate blood levels. The sustaining 
infusion, made up in water, was delivered at 1 ml. 
per minute. Arterial blood samples were taken as 
close as possible to the midpoint of each period. 

Cardiac catheterization was performed in six of 
the ten observations in the patients with congestive 


TaBLE 1.—Clinical Data on Patients with Congestive Heart Failure 


Weight (Ibs.) | 
Sex 


| Admission | Discharge | 


140 Unknown and Hypertensive 
Heart Disease 


Diagnosis Status At Time of Study 


Pretibial Edema 3+ 
Dyspnea s+. 


210 Hypertensive and Arterioscle- 


rotic Heart Disease 


Unknown and Arteriosclerotic 
Heart Disease 


Arteriosclerotic Heart Disease 


First Bout of Failure 
Pretibial Edema 2+ 
Dyspnea 2+ 
Second Bout of Failure 
Pretibial Edema 2+ 


Fourth and Terminal Bout of 


Hypertensive and Arterio- 
sclerotic Heart Disease 


Rheumatic Heart Disease 
Hypertensive and _ Arterio- 


sclerotic Heart Disease 


Unknown Heart Disease 


Failure 
Pretibial Edema 3+ 
Dyspnea 3+ 
First Bout of Failure 
Pretibial Edema 2+ 
Started to Diurese on Bed Rest 
First Bout of Failure 
Pretibial Edema 3+ 
First Bout of Failure 
Pretibial Edema 3+ 
Anemia 
Carcinoma of Stomach 
First Bout of Failure 
Pretibial Edema 3+ 
Dyspnea 2+ 


Hypertensive and Arterio- | Third Bout of Failure 


sclerotic Heart Disease 


180 Hypertensive and _ Arterio- 
sclerotic Heart Disease 


followed for approximately two hours. Urine was 
collected with the aid of a multieyed catheter and 
each collection period was terminated with a bladder: 
wash. The two or three periods immediately after 
the drug injection were usually 15 minutes and the 
remainder 20 to 30 minutes in duration. 

Eleven normal subjects were given 20 to 30 ml. 
of 5 per cent glucose in water without Digoxin. 
\rine collections were obtained over the same length 
of time as in the Digoxin experiments. In 4 subjects, 
hoth of these procedures (control and Digoxin) 

‘ere done on successive days. 

In all cardiac patients and in 4 others, glomerular 
iltration rate was determined by the inulin and 
enal plasma flow by the paraaminohippurate (PAH) 
learance technics.® Priming doses of inulin and para- 
minohippurate in minimal amounts of water were 


Pretibial Edema 2+ 
Started to Diurese on Bed Rest 
First Bout of Failure 
Pretibial Edema 3+ 


heart failure. The catheter was placed in position 
before the start of the control periods. Cardiac out- 
puts by the Fick method, central cardiac pressures, 
femoral arterial and at times femoral venous pres- 
sures were determined simultaneously with the renal 
studies in these 6 patients. In the remaining cardiac 
patients, femoral or, on occasion, antebrachial 
venous pressure was determined. 

C. Chemical Methods. Sodium and potassium in 
urine, plasma potassium and serum sodium were de- 
termined on an internal standard flame photometer. 
Chloride in urine and plasma was measured by a 
modification of the Volhard method.® Inulin was es- 
timated by Harrison’s modification’ of the Alving, 
Rubin and Miller technic* and paraaminohippurate 
by the Bratton-Marshall reaction.® 





EFFECT OF DIGOXIN ON WATER AND ELECTROLYTE EXCRETION 


RESULTS 


The average sodium excretion in microequiv- 
alents (uEq.) per minute before and one and 
one-half to two hours after Digoxin in the pa- 
tients with cardiac edema, noncardiac edema 
and without edema are shown in figure 1. The 
intravenous administration of Digoxin caused 
a prompt sodium diuresis in patients with con- 
gestive heart failure. A similar but lesser effect 
was noted in patients with no cardiac or renal 
diseases and in those with noncardiac edema. 
No change in the average sodium excretion oc- 
curred among the 11 nonedematous subjects 
who served as controls and who were given an 
injection of dextrose without Digoxin. 


TIME. - MINUTES 

Fic. 1. The effect of intravenously administered 
Digoxin on sodium excretion in normal subjects and 
in patients with edema due to congestive heart failure 
and other causes. 


A. Effect of Digoxin in Cardiac Patients. The 
effects of Digoxin in several of the patients with 
congestive heart failure at various stages of 
their heart disease is illustrated in figure 2. The 
effect was greater in patients 5 and 10 in their 
first bout of congestive failure and already 
diuresing on bed rest (top two curves, fig. 2) 
than it was in patient 4, who had suffered pro- 
longed and severe failure (bottom curve, fig. 2 
An intermediate effect was observed in patient 
3 with moderate chronic failure (middle curves, 
fig. 2). 

The averages for renal functions and water 
and electrolyte excretions for the control 
periods and the periods following the adminis- 
tration of Digoxin in the cardiac group are 
shown in table 2. The average control value for 
glomerular filtration rate of 67.6 ml. per minute 


increased to an average of 75.9 ml. per minute 
for the first one to two hours after Digoxin. Of 
the twelve observations that comprise this 
group, four showed little or no change in filtr.- 
tion rate. An increase in filtration rate of more 
than 10 ml. per minute following Digoxin w; s 
noted in only four of the twelve instances, 
The group average for renal plasma flow w:s 
176 ml. per minute before and 197 ml. pr 
minute for one and one-half to two hours after 





HOURS 

Fic. 2. Effect of single intravenous injection of 
Digoxin on sodium excretion (congestive heart 
failure). Upper two curves represent data obtained 
from patients in first bout of failure. Middle two 
curves represent data obtained from a patient in 
moderate chronic heart failure. Lower curve repre- 
sents data obtained from a patient in his fourth and 
terminal bout of congestive heart failure. 


Digoxin. Filtration fraction on the average did 
not change after Digoxin from the control value 
of 38 per cent. 

The average urine flow in ml. per minute in- 
creased from 1.2 to 3.1 in the patients with 
congestive heart failure. The increases varied 
from less than 0.5 ml. per minute in 3 patients 
to approximately 4 ml. per minute in patient 
10. Comprising the former group were patient 
4 in his fourth and terminal bout of failure, and 
patients 1 and 7 whose episodes of congestive 
heart failure were complicated by renal diseas2 
and secondary anemia respectively. 
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Sodium excretion showed a dramatic in- 
croase following Digoxin, theaverage going from 
9 to 254 microequivalents per minute (fig. 1, 
tadle 2). The rather high average control value 
for sodium excretion was caused by the values 
ol tained in patients 5 and 10 who were having 
a liuresis on bed rest when the drug was given. 


381 


Serum sodium, plasma chloride and plasma 
potassium concentrations were within normal 
limits except for patient 8, who had hypo- 
natremia (114 mEq. per liter) and patient 1, who 
exhibited a mild hyperkalemia (5.8 mEq. per 
liter). 

Femoral venous and right atrial pressures 


T. BLE 2.—The Effect of Digoxin on Renal Hemodynamics, Urine Flow and Electrolyte Excretion in Patients with 


Filtra- | 
tion 

Frac- | 
tion 


Glomeru- 
lar Fil- 
tration 

Rate 


Renal 
Plasma 
Flow 


Patient 


ml./min. 


235 
253 
130 
177 
137 
161 
143 
150 
153 
148 
138 
157 
150 
165 
132 
155 
177 41 
257 
211 42 
296 41 
189 48 
217 46 
210 44 
221 
176 38 
197 38 


ml./min. 


Control 41 
After Digoxin 45 
Control 50 
After Digoxin 67 
Control 54 
After Digoxin 56 
Control 60 
After Digoxin 67 
Control 65 
After Digoxin 64 
Control 65 
After Digoxin 71 
Control 65 
After Digoxin 77 
Control 68 
After Digoxin 74 
Control 73 
After Digoxin 82 
Control 89 
After Digoxin 111 
Control 90 
After Digoxin 100 
Control 92 
After Digoxin 94 
Control 67.6 
After Digoxin 75.9 


Average 


Congestive Heart Failure 


Urine 
Flow 


ml./ 
min. 


0.45 
Fa 
.60 

3.97 
.78 
.19 | 
71 
.63 
.67 
.64 
31 
51 

2.24 
.26 


ol 
.09 
.62 
.98 


72 


18 
ol 
17 
94 
.50 
id 
07 


Sodium Potassium Chloride 


Venous 
Pressure 


| Serum (Excretion) Plasma (Excretion) Plasma Excretion 


Pa J u os ee / uw. 
mEq./L. Eq./min. mEq./L. Eq./min. mEq./L. Eq./min. mm. HeO 


38 
66 


33 
66 
23 
56 


ne i 47 
86 
42 

316 
42 

169 
82 

284 
83 

215 

41 26 

66 73 

181 

664 
60 

221 
59 38 
78 78 
44 4 

115 71 
31 10 
59 113 
77 327 

103 566 
43. 125 

—| @ 237 


135 40 
134 287 
133 34 
134 141 
130 73 
131 292 
134 71 
134 202 
131 18 
131 45 
139 267 
136 891 
131 69 
129 268 
140 74 
140 166 
114 0. 
114 5. 
131 6. 
130 100 
132 389 
133 647 
— 90 
254 


48 


68 
54 


He i i > ot > 


i on 


36 


4. 
4. 
4. 
4. 
4. 
4 

4. 
4, 
4 

4. 
4. 
4. 
ae 
a 
4. 
4. 
5. 
4. 


oo 


x + CO 


* Patient with acute and chronic glomerulonephritis complicating heart failure, 
+ Patient with severe anemia complicating heart failure. 


‘The greatest change occurred in patient 5 whose 
sodium excretion increased by 624 microequiv- 
clents per minute after Digoxin. Again, pa- 
tients 7 and 4, who had either complications or 
terminal heart failure, showed the least change. 
“he rates of chloride excretion paralleled those 
‘f sodium in all patients except patient 8. 
’otassium excretion increased much less, the 
i verage being 44 microequivalents per minute 
lefore and 67 after Digoxin. 


decreased in all the cardiac patients after ad- 
ministration of Digoxin (table 2, figs. 3 and 4). 
In 5 patients (cases 1, 5, 7, 9 and 10) the con- 
trol values were below 110 mm. saline. Two of 
these patients (cases 5 and 9), showed a marked 
drop to —5 and 0 mm. saline respectively and 
patient 10 showed a moderate change after 
Digoxin. Patient 1 showed little change while 
the postdrug pressures were not measured in 
patient 7. 
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The data obtained in patient 3 are sum- 
marized in detail in figure 3. Digoxin caused a 
prompt water, sodium and chloride diuresis and 
a sizable decrease in venous pressure. However, 
glomerular filtration rate and renal plasma flow 


50d MG. DIGOXIN GIVEN BETWEEN O AND 10 MINUTES 


RENAL 
PLASMA 
ML/MIN. 
GLOMERULAR 
FILTRATION 


RATE 
ML./MIN. 


TIME — MINUTES 
Fic. 3. Effect of Digoxin in congestive heart 
failure. Serum sodium = 134 mEq. per liter. 


at* DIGOXIN GIVEN BETWEEN O AND 10 MINUTES 


RATE 
ML./MIN. 


VENOUS 7 
PRESSURE, MMHG 


eee 


ELECTROLYTE 
EXCRETION 


wean, 'OF 





TIME — MINUTES 


Fic. 4. Effect of Digoxin in congestive heart 
failure. Serum sodium = 114 mEq. per liter. 


did not change appreciably, while potassium 
excretion increased slightly. This pattern of 
events was observed in 4 of the patients with 
congestive heart failure studied. 

Figure 4 shows the effect of Digoxin in pa- 
tient 8 who was in congestive heart failure and 
had a hyponatremia of 114 mEq. per liter. Ac- 


AND ELECTROLYTE EXCRETION 


companying his water diuresis following the 
drug, sodium excretion showed little change 
but potassium and chloride excretions increased 
promptly and considerably. These effects began 
before changes in glomerular filtration rate an 
renal plasma flow were observed. Within 45 
minutes, however, filtration rate and plasm. 
flow increased considerably. 

B. Effect of Digoxin in Patients with Nov - 
cardiac Edema. Seven patients with noncardiac 
edema (5 cirrhotic patients with ascites and 2 
patients with nephrotic edema) exhibited an in - 
crease in the average sodium excretion from 15 
to 39 microequivalents per minute after 
Digoxin (fig. 1, table 3). This is a small al- 
solute change. However, the control valucs 
were quite low and in each instance sodium ex- 
cretion increased progressively. Concomitantly, 
chloride excretion rose from 30 to 51 micro- 
equivalents per minute while potassium excre- 
tion did not change. The average urine flow 
showed no appreciable change. 

The comparison, in a cirrhotic patient, of the 
effect on sodium excretion of 30 ml. of 5 per 
cent glucose in water with and without Digoxin 
is shown in figure 5. Digoxin caused an in- 
crease in sodium excretion while in the control 
observation the next day sodium excretion de- 
creased. Similar observations were obtained in 
another cirrhotic patient (patient 15, table 3). 

C. Effect of Digoxin in Patients without 
Edema. Twenty-eight nonedematous patients 
without cardiac or renal disease were studied 
from the standpoint of sodium, potassium and 
chloride excretion with and without Digoxin. 
Twenty-one patients were given Digoxin while 
11 served as controls and were studied before 
and after an injection of 30 ml. 5 per cent dex- 
trose in water not containing Digoxin. Four of 
the patients had both types of studies. The re- 
sults are shown in figure 1 and table 4. 

The average group values for sodium ex- 
cretion were 111 before and 145 microequiv- 
alents per minute after Digoxin. Sixteen of the 
21 showed a definite increase. When the average 
rate of sodium excretion after Digoxin was com 
pared with the rate observed before Digoxin, 
the value for critical ratio was 4.4 with a ; 
value better than .01. This is a significant diffe: 
ence. Chloride excretion also increased an 
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tended to exceed the increase in sodium excre- 
tion. Potassium excretion did not change on 
the average. Urine flow increased following 
1 goxin in 16 of 21 patients. Three of the 5 pa- 
tints whose urine flow decreased appeared to 
heve a water diuresis in the control periods. 
\ienous pressure was measured in 2 subjects 
and did not change after Digoxin in patient 33, 
while in patient 32 the pressure decreased from 
120 to 116 mm. saline. Patient 32 had Hodg- 


Glomerular filtration rate and renal plasma 
flow were measured during the observations in 
3 of the nonedematous subjects given Digoxin. 
No changes in renal functions or electrolyte 
excretions were induced by Digoxin in these 
patients. However, the effects of the infusions 
of inulin and paraaminohippurate necessary to 
measure the renal functions may have obscured 
the rather small effect of Digoxin on electrolyte 
excretion. 


TaBLeE 3.—The Effect of Digoxin on Urine Flow and Electrolyte Excretion in Cirrhotic and Nephrotic 


Patients with Edema 


Patient 


11 Control 
Nephrosis After Digoxin 
12 Control 
Cirrhosis After Digoxin 
13 Control 
Cirrhosis After Digoxin 
"14 Control 
Cirrhosis After Digoxin 
15 Control 
Cirrhosis After Digoxin 
16 Control 
Cirrhosis After Digoxin 
17 Control 
Nephrosis After Digoxin 
Control 
After Digoxin 


Average 


Number Increased 


Number Observed 


kin’s disease, and the high initial venous pres- 
sure was probably due to partial mediastinal 
obstruction. 

In contrast to the above results, the 11 sub- 
jects not given Digoxin but otherwise treated 
in the same fashion (fig. 1 and table 5) 
showed no significant changes. The mean value 
for sodium excretion was 102 microequivalents 
per minute before and 101 after the injection of 
dextrose without Digoxin. The differences in 
the values for the control periods and the 
p:riods after dextrose were not significant when 
sibmitted to statistical analysis. In addition, 
potassium and chloride excretion and urine 
flow did not differ before and after the control 
dixtrose injection. 


Sodium Potassium 
Excretion Excretion 


Chloride 


Urine Flow - . 
Excretion 


pEq./min. 
0.30 0 19 
.32 | 22 
33 | — 
47 a 
.38 41 
Ys 
48 
45 
61 
. 66 


ml./min. pEq./min. pEq./min. 


{ 
| 
| 
ee —|— 
| 
| 
| 


SODIUM 


EXCRETION 
200 
4s EQ/MIN 


TIME — MINUTES 
Fic. 5. Effect of Digoxin and control injection 
on sodium excretion in cirrhosis. 


D. Effect of Digoxin in Subjects Receiving 
Desoxycorticosterone Acetate. Three patients free 
of cardiae or renal disease were given 10 mg. 
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TABLE 4.—The Effect of Digoxin on Urine Flow and Electrolyte Excretion in Patients Without Edema 


Urine Flow Sodium Excretion Potassium Excretion Chloride Excretion 
ml./min. pEq./min. pEq./min. pEq./min. 
Patient 


Before After Before After Before After Before After 
Digoxin Digoxin Digoxin Digoxin Digoxin Digoxin Digoxin Digoxin 


.23 .53 10 64 59 82 69 115 

.28 45 49 68 13 19 24 37 

.29 49 1 6 38 70 10 26 
21 41 62 65 71 — 95 142 
22 44 93 30 41 79 54 163 
23 47 79 67 5 65 114 

Ol 50 73 8 31 36 58 
25 4 74 33 8 — 104 

61 84 55 5 s 147 
27 66 .82 146 74 175 
28 66 81 28 127 
29 .70 .08 19 93 

.89 49 94 8 § 94 
31 .90 oa 143 2% 133 
32 aa f 114 268 
33 .28 ‘ 125 — 
34 61 2. 299 : 36 365 
35 3. : 188 88 191 
36* 3. 3. 297 360 
37* : : 290 : 36 83 
38* 3. . 122 8 211 





Average .08 36 111 i 7 187 





Number Increased 16/19 17/21 
Number Observed 


* Inulin and PAH clearances measured during study. 
} Digoxin given during a water diuresis. These urine flow values are excluded from the mean. 


TaBLe 5—The Effect of 30 M1. 5% Dextrose on Urine Flow and Electrolyte Excretion in Patients 
without Edema 


Urine Flow Sodium Excretion Potassium Excretion Chloride Excretion 
ml./min. pEq./min. wEq./min. pwEq./min. 
1 1 
Patient 


Before After Before After Before After Before After 
Digoxin Digoxin Digoxin Digoxin Digoxin Digoxin Digoxin Digoxin 


.28 95 33 48 28 30 103 116 
.O4 46 9 13 99 102 51 48 
26 56 59 101 111 38 38 149 113 
66 .76 93 101 55 70 118 126 
41 .69 z 124 87 79 56 — — 
42 .88 88 134 145 26 30 94 115 
43 .98 .36 135 58 — 128 81 
44 21 2: 134 145 118 116 
45 : ‘ 156 125 201 144 
.08 8 106 188 128 193 
46 3. 2.38 134 145 BY ‘ 118 116 





Average : ; 102 101 123 120 


Number Increased 8/11 4/10 


Number Observed 
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o desoxycorticosterone acetate (DCA) per day 
(table 6). None of these patients had gained 
weight after one week of therapy. The injec- 
tion of Digoxin at the end of 1 week of desoxy- 
ccrticosterone acetate therapy caused a moder- 
aie rise in sodium excretion in patient 48 and 
n) change in patient 47. Patient 49 was con- 
tiaued on desoxycorticosterone acetate and her 
det was supplemented with 3 to 5 Gm. of so- 
dum chloride a day. At the end of 28 days she 
had gained 5 pounds and had moderate pitting 
eiema of her feet and pretibial edema. The 
intravenous administration of Digoxin at this 
time caused a water and sodium diuresis not 
unlike that observed in cardiac patients. Po- 
tassium and chloride excretions increased con- 
siderably. Venous pressure was within normal 
limits in all 3 patients and fell an average of 
only 7 mm. of saline following Digoxin. Patient 


flow is decreased to a greater extent than is the 
filtration rate, leading to a high filtration frac- 
tion. This typical renal function pattern oc- 
curred in all patients with congestive heart 
failure in this study. 

Digoxin caused a prompt and considerable 
water and sodium diuresis in patients with 
congestive heart failure. This occurred in 
several patients with little or no change in 
either glomerular filtration rate or renal plasma 
flow. In a few patients the glomerular filtration 
rate increased sufficiently after Digoxin to ac- 
count mathematically for the diuresis. This, 
however, was not the case in 3 instances and, 
in any event, the changes in renal hemodynam- 
ics following Digoxin were minimal compared 
with the drug’s diuretic effect. The greatest in- 
crease in filtration rate after Digoxin occurred 
in patient 8 (fig. 4), but a brisk diuresis pre- 


TaBLe 6.—The Effect of Digoxin on Urine Flow and Electrolyte Excretion in Patients Receiving DCA 


‘ ; Urine Flow 
Edema (ml./min. 


Point 


Before During Before After Before 
DCA DCA Digoxin Digoxin Digoxin 


Sodium Excretion | Potassium Excretion Chloride Excretion 
(uEq./min.) 


Venous Pressure 


(wEq./min.) (wEq./min.) (mm. Saline) 


After Before After Before After Before After 
Digoxin | Digoxin 


Digoxin | Digoxin Digoxin Digoxin Digoxin 


BG 0.65 53 59 37 60 36 58 98 95 
70 2.08 113 261 50 82 110 243 105 90 
29 2.87 180 


47, who did not increase his sodium excretion 
alter Digoxin, had hyponatremia (128 mEq. 
per liter) while patients 48 and 49 had normal 
serum sodium levels. 


DIscussION 


Though the sequence of events in the pro- 
duction of edema in congestive heart failure ‘s 
not known, the ultimate organ responsible for 
sodium and water retention is the kidney. Like- 

ise, exact knowledge of how the failing heart 

ids to renal retention of salt and water is sub- 

‘t to debate. Possible factors that might 

ay a role include reduction in glomerular 
i tration rate resulting in a glomerular-tubular 

ibalance,!® increased renal venous pressure,* 

id hormonal influences." 

The renal hemodynamic changes observed in 
‘yngestive heart failure are well known” and 

clude decreased glomerular filtration rate and 

reduced renal plasma flow. Thé renal plasma 


484 39 84 174 446 105 80 


ceded the first rise in filtration rate. Presumably 
because of the rather severe hyponatremia in 
this patient, sodium excretion showed a mini- 
mal increase. Chloruresis, however, was con- 
siderable and was associated with increased ex- 
cretion of potassium which apparently took the 
place of sodium as the main cation in the urine. 

The effect of variations in renal venous pres- ° 
sure on electrolyte excretion has been investi- 
gated in the dog® but not in normal man or in 
patients with congestive heart failure. Based 
on data obtained in dogs, increased renal ve- 
nous pressure apparently can lead to water and 
sodium retention. Thus, it would follow that 
reduction in venous pressure after Digoxin, 
which occurred in all but one of the heart 
failure patients studied, could have contributed 
to the water and sodium diuresis (table 2). 
Whether these phenomena are the result of a 
direct effect of Digoxin on the veins which 
reduces renal venous pressure,'* or whether 
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the observed increase in cardiac output follow- 
ing Digoxin in some way reduces central venous 
pressure cannot be answered from the present 
data. 

That Digoxin may also have a direct action 
on the renal tubules is suggested by its mod- 
erate but definite effect on sodium excretion 
in patients with noncardiae edema and in non- 
edematous subjects. In a limited number of 
observations on nonedematous patients, Di- 
goxin did not alter renal hemodynamics or 
venous pressure. Other observers have reported 
that digitalis in normal subjects has little or 
no effect on venous pressure and that the drug 
either has no effect on cardiac output or de- 
creases it.!* 

In view of Digoxin’s structural similarity to 
salt-retaining corticosteroids, it may perhaps 
compete with some desoxycorticosterone-like 
hormone acting on renal tubule cells. Indeed, 
evidence has been obtained in rabbits that is 
compatible with this hypothesis.'® 

Preliminary studies reported in this paper 
indicate that Digoxin may have a greater 
action in subjects treated with desoxycortico- 


sterone acetate to the point of salt retention 
than in the untreated normal subject. 


SUMMARY 


Digoxin causes a prompt and considerable 
water and salt diuresis in patients with conges- 
tive heart failure. This may occur with little 
or no change in renal hemodynamics, but 
usually is associated with decreased venous 
pressure. At times, increased glomerular filtra- 
tion rate may contribute to the diuresis. In 
patients with noncardiac edema and without 
edema, Digoxin may also initiate a slight but 
definite sodium diuresis. This effect is not as 
great as in patients with congestive heart fail- 
ure and apparently is not associated with 
changes in renal hemodynamics, cardiac out- 
put or venous pressure. Thus, Digoxin may 
act by virtue of an effect on the renal tubule 
cells, perhaps by competing with some desoxy- 
corticosterone-like hormones, by reducing renal 
venous pressure, and at times, by increasing 
glomerular filtration rate. The diuretic effect 
may also be related in some unknown fashion 
to improved cardiac function. 


AND ELECTROLYTE EXCRETION 
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A Study 


of the Effect of Procaine Amide 


Hydrochloride in Supraventricular 


Arrhythmias 


By Maucotm C. McCorp, M.D., anp James T. Tacucui, M.D. 


The effect of the intravenous administration of procaine amide in 25 patients with supraventricular 
arrhythmias is reported . The data, including six conversions of auricular fibrillation, indicate a pro- 
nounced effect of this drug on the auricles as well as on the heart as a whole. Special attention is 
directed to the finding of frequent and undesirable electrocardiographic and hypotensive effects of 


this drug. 


ROCAINE amide hydrochloride has 

been reported to be of value in the 

management of cardiac arrhythmias of 
ventricular origin.' It has been considered as 
having little effect on the auricles. The present 
report describes the results of the intravenous 
administration of procaine amide in 25 patients 
with cardiac arrhythmias of supraventricular 
origin. 


MATERIAL AND METHODS 


The effect of procaine amide on 25 patients with 
supraventricular arrhythmias was studied. There 
were 16 patients with auricular fibrillation, 4 with 
auricular flutter, 3 with paroxysmal supraventricu- 
lar tachyeardia, and 2 with frequent premature 
auricular contractions. 

All of the cases were men in the older age group 
with an age range of 45 to 77 years. The majority 
had arteriosclerotic heart .disease, hypertensive 
heart disease, or both. Three patients had rheumatic 
valvular heart disease; 2, aortic insufficiency due to 
syphilitic aortitis; and one each, pericarditis, cor 
pulmonale, and thyrotoxicosis. In 2 cases there 
was no evidence of heart disease. 

The drug, which comes in 10 ce. vials, was diluted 
to 30 ce. with normal saline and administered intra- 

enously in all cases. The dose of procaine amide 
civen intravenously ranged from 300 mg. to 2000 
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mg. or from 3 to 33.3 mg. per Kg. of body weight. 
The rate of administration varied from 50 to 100 
mg. per minute. Of 27 administrations 22 were given 
at the rate of 50 mg. per minute. 

Additional oral doses were given in only 6 cases. 
The oral dosage varied from 0.5 Gm. to 1.5 Gm. 
every four hours. 

Electrocardiographic control was maintained 
continuously during and for variable periods fol- 
lowing administration. Lead II was usually em- 
ployed but occasionally precordial or esophageal 
leads were obtained in an attempt to accentuate the 
auricular complexes. Where possible, auricular and 
ventricular rates, P-R, QRS, and Q-T intervals 
were measured. Pertinent changes of the P or f 
waves, QRS complexes, S-T segments, and T waves 
were carefully noted. 

Blood pressure determinations were made fre- 
quently during and following administration in most 
cases and subjective symptoms were recorded. 


RESULTS 
Auricular Fibrillation 


Of 16 patients (table 1) with auricular 
fibrillation to whom procaine amide was 
administered intravenously, restoration to nor- 
mal sinus rhythm was effected in 6 (cases 1, 
2, 3, 4, 5, 6a). However, in one patient (case 
6a) this was of momentary duration and could 
not be maintained or re-established. To date 
prophylactic oral administration was necessary 
in only one case in whom auricular fibrillation 
recurred. In this patient reversion to sinus 
rhythm followed 1 Gm. of procaine amide 
orally every four hours for six doses and was 
maintained by 0.5 Gm. twice a day. 

Of the 16 patients, 7 (cases 1, 2, 3, 4, 5, 8, 
15) could be considered to have developed 
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PROCAINE AMIDE HYDROCHLORIDE IN SUPRAVENTRICULAR ARRHYTHMIAS 


TABLE 1.—Clinical and Electrocardiographic Data in 25 Patients with Supraventricular Arrhythmias* 


6b. H.J. 


42-4.G. 


8. C. M. 
9. A. W. 


6256 Tk. 
16. A.C. 
Wok: 3. 
i8. D. N. 
192.G.B. 
19b. G. B. 
20. M. H. 
el. <0. D. 


Total 
dose of 
pro- 
caine 
amide 


Mg. 
per 


Kg. 


Duration of 
arrhythmia 


Type of 


arrhythmia per 


zation 
mg. 


500 50 


650 


4 days 
3 days 


10 days 1000 


15 years 1000 


.3 100 


15 vears 1000 


3 years 400 


48 hrs. 
Long 


1000 
1000 
standing 
Long 1000 
standing 
Long 1000 
standing 
Long 1000 
standing 


+ years 1000 


2 years 1800 


fib. 
fib. 
flut. 
flut. 
flut. 


Aur. 
Aur. 
Aur. 
Aur. 
Aur. 
Aur. flut. 
Aur. flut. 
Nodal 
tachy. 
Aur. 
tachy. 
Aur. 
tachy. 
Pre. aur. 


2000 
2000 
500 
1000 : 
1000 .0 50 
1000 .0 100 
1500 18.3) 50 
300 | 3.3) 50 


50 
75 
50 
50 


mo. 
years 
days 
days 
days 
days 
mo. 


mm be W bo lo Ore 


day 


days 1000 .0| 50 


2 days 2000 80 


Unknown 650 50 
syst. 
Pre. aur. 


syst. 


3 days + 1000 50 


Rate 
mg. | 


min. 


Effect of therapy on 
auricular mechanisms 


Conversion to sinus tachy- 
cardia 
Conversion to sinus rhythm 


Conversion to sinus rhythm 
Conversion to auricular 
flutter then to sinus rhy- 
thm 
Conversion auricular 
flutter then to sinus rhy- 
thm 
Temporary conversion to 
aur. flutter 
rhythm 
Slowing of auricular rate 


to 


then sinus 


No detectable change 


No detectable 
Slowing of auricular rate 


change 


No detectable change 


No detectable change 
£ 


No significant change 


No detectable change 


Slowing of auricular rate 


Slowing of auricular rate 
No detectable change 
No detectable change 
Slowing of auricular rate 
Slowing of auricular rate 
Slowing of auricular rate 
Slowing of auricular rate 
Conversion 
rhythm 
Conversion to sinus tachy- 
cardia 


to sinus 


Conversion to sinus 
rhythm 

Elimination of pre. aur. 
syst. 

Decrease in frequency of 
pre. aur. syst. 


* More extensive tabular data concerning the electrocardiographic changes will be 
this article. 


Effect of therapy on 
ventricular mechanisms 


Marked tachycardia 


of 


sional premature ven 


Elimination ocea 


tric systoles 


Intraventricular block 


Short runs of ventricu- 
lar tachyeardia 


Short tuns of ventricu 
lar tachyeardia 
Intermittent right bun 
dle branch block 
Marked tachyeardia 


Elimination of frequent 
premature ventric. 
systoles 

Runs of ventric. tachy 
eardia and 
tric. block 


intraven 


Electrical alternans 


Intraventricular block 
Left bundle 
block 


branch 


Marked tachyeardia 


included with reprints 0 
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:uricular fibrillation recently, with the onset of 
{ brillation occurring a few hours to a maximum 
(f two months prior to treatment. The 5 
j atients satisfactorily converted to and main- 
tuined in normal sinus rhythm fell into this 
group. The remaining 2 patients were subse- 
cuently treated with quinidine and one patient 
converted to normal sinus rhythm. Of the 
\6 patients 9 could be classified as having 
chronic auricular fibrillation of several years 
curation. Further attempts at conversion with 
other drugs were not undertaken in this group. 


Fig. 1. Case 4, lead III: A. Intravenous procaine 
amide, 150 mg. in three minutes; B. 750 mg. in 15 
minutes. C. Thirty minutes after completion of intra- 
venous procaine amide administration of 750 mg. in 15 
minutes. Conversion to sinus rhythm occurred one 
minute after completion of injection. 


The dosage of procaine amide given intra- 
venously in the 6 patients in whom auricular 
iibrillation was converted to sinus rhythm 
aried from 6.3 mg. per Kg. of body weight 
0 13 mg. per Kg. of body weight. Conversion 
curred during administration in 4 cases, and 
vithin 10 minutes after completion of injec- 
ion in the other 2. The cases which were not 
onverted received from 7 to 31.9 mg. per Kg. 
f body weight. 

From an_ electrocardiographic standpoint 
here could be no doubt that procaine amide 
iad a definite effect on the auricles, whether 
‘onversion occurred or not. Of the 6 patients 


in which conversion resulted, 3 (cases 4, 5, 6a) 
developed slowing of the auricular rate and 
subsequently auricular flutter prior to con- 
version to sinus rhythm (figs. 1 and 2). In 
those patients in whom the arrhythmia was 
not abolished, 3 (cases 9, 14, 15) showed 
measurable slowing of the auricular rate with 
coarsening and widening of the f waves ap- 
proaching flutter in configuration, as shown by 
figure 3. In these 3 patients decreases in the 
auricular rates from 400 to 280, 520 to 320, 
and 540 to 275, respectively, occurred. The 
auricular rates were calculated over a 12 second 
period and although the finer fibrillary waves 
of the control electrocardiogram could not be 


a: eee $j 
eg - 
= 





Fic. 2. Case 5, lead II: A. Intravenous procaine 
amide, 300 mg. in six minutes. B. Seven minutes after 
completion of intravenous administration of 1000 mg. 
in 20 minutes. C. Twenty-five minutes after comple- 
tion of injection. Conversion to sinus rhythm occurred 
10 minutes after completion of injection. 


accurately measured, the subsequent changes 
in rates were easily measurable and significant. 
In 10 cases the fibrillary waves were either of 
such low amplitude or so indistinguishable that 
reliable conclusions could not be drawn. 
During the administration of procaine amide 
hydrochloride ‘an increase in the ventricular 
rate while the auricles were still fibrillating was 
a constant and at times striking finding in all 
16 patients. This was more noticeable in those 
in whom digitalization was either inadequate 
or had not been undertaken prior to treatment. 
In this group, which included 5 patients (cases 
1, 3, 6, 8, 14), the maximum increase in ven- 
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tricular rate was 20, 10, 60, 60, and 60 beats 
per minute, respectively, with an average 
increase in rate of 42 beats per minute. The 
maximal increase in ventricular rate of the 11 
patients adequately digitalized varied from 12 
to 35 beats per minute with an average in- 
crease of 19.5 beats per minute. The increase in 
the ventricular rate was gradual and maximal 
usually at the end of administration. Of the 
eases converted to normal sinus rhythm 3 
patients had not had adequate digitalization. 


Fic. 3. Case 15, lead V;. A. Prior to administration 
of procaine amide. B. After 400 mg. of procaine amide 
intravenously in eight minutes. C. After 2000 mg. of 
procaine amide intravenously in 40 minutes. 


Auricular Flutter 


There were 4 patients with auricular flutter 
(cases 17, 18, 19a, b, 20) who were treated with 
intravenous procaine amide but in no instance 
was the arrhythmia abolished. 

In all 4 patients, however, measurements of 
the auricular rate showed gradual slowing of 
the flutter waves during the intravenous 
administration of procaine amide with maximal 
decreases of 40, 80, 75, and 81 beats per minute. 
There was a slower gradual rise in auricular 
rate promptly after stopping administration. 
This was well demonstrated by case 20, in 
which 1500 mg. was given in 30 minutes, and a 
gradual slowing from the control flutter rate of 


285 per minute to 204 per minute at the end of! 
injection resulted. A slower gradual rise to 
230 in 45 minutes was recorded, but in a 1” 
hour follow-up the auricular rate was still 260 
or 25 beats slower than the control rate. Th« 
easily measurable auricular rates in flutter thu: 
appeared to be a very sensitive indicator o 
speed and duration of action of this drug. 

In all + patients the auricular-ventricula 
ratio decreased, although not always accom 
panied by an increase in ventricular rat 
because of the associated slowing of the auricu 
lar rate. 


Paroxysmal Supraventricular Tachycardia 


All 3 patients with paroxysmal supraventric 
ular tachycardias (cases 21, 22, 23) were con 
verted to sinus rhythm. There were 2 patients 
with auricular tachycardia and one with typ: 
II nodal tachycardia. These were all of recent 
origin. Only in case 23 was procaine amide, 
given orally, necessary to treat the paroxysms 
of auricular tachycardia which recurred 12 
hours after therapy. 

Premature Auricular Systoles 

There were 2 patients (cases 24, 25) with 
frequent auricular premature systoles who 
were treated with intravenous procaine amide. 
The premature contractions were eliminated 
in one patient and decreased in frequency in 
another. 


ELECTROCARDIOGRAPHIC CHANGES 

P-R intervals were measurable in 11 patients 
after conversion of the arrhythmia. In only 2 
patients was the P-R interval significantly 
prolonged, with P-R interval measurements of 
0.22 second in each instance. However, in one 
of these first degree A-~V block was present 
before treatment. 

In 24 of 25 cases widening of the QRS 
interval could be demonstrated. This was 
usually also maximal at the end of injection. 
All QRS intervals were within normal limits of 
0.10 second or less in the control leads. There 
were 5 patients who showed widening of the 
QRS interval of from 0.12 to 0.14 second. 
However, only 2 patients could be considered to 
have shown a 50 per cent increase in QRS time. 
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()RS changes consisted chiefly of widening and 
slurring except in case 7 in which right bundle 
hranch block developed and in case 21 in 
which left bundle branch block developed. 

Q-T intervals were usually more difficult 
io estimate with accuracy because of the 
underlying arrhythmia and distortion of the 

aseline. In 13 patients in which measurements 
vere feasible, some prolongation of the Q-T 
interval was noted in every instance. By the 

se of the Ashman-Hull tables for determining 
normal Q-T intervals, all but one _ patient 
could be considered to have abnormal Q-T 
intervals during or immediately following 
administration of the drug. Only one patient 
had an abnormal Q-T interval prior to therapy. 

S-T segment and T wave changes were on 
the whole not remarkable except in the 2 
patients who developed bundle branch block. 
There were 6 patients who showed an increase 
in voltage of the T wave in lead II. Others 
showed slight flattening of T waves associated 
with prolongation of the Q-T interval. 

The most serious — electrocardiographic 
changes noted were short bursts of paroxysmal 
ventricular tachycardia. This arrhythmia oc- 
curred in 2 patients (cases 6a, b, 14). In case 
6a, 1000 mg. or 10.3 mg. per Kg. was ad- 
ministered intravenously at a rate of 100 mg. 
per minute. Immediately after the injection 
short bursts of paroxysmal ventricular tachy- 
cardia were noted (fig. 4). These continued for 
20 minutes with decreasing frequency. Oc- 
casional premature ventricular contractions 
could still be detected 30 minutes later. These 
findings were reproduced the following day 
when the same amount of procaine amide was 
again administered intravenously but at half 
the previous rate (case 6b). Similar findings 
were noted in case 14 in which 31.9 mg. per 
Kg. of body weight was given. Administration 
was discontinued when a sudden paroxysm of 
ventricular tachycardia developed. The tachy- 
‘ardia stopped spontaneously in 10 seconds 
und recurred several times in the next three 
ninutes. In the following 30 minutes only an 
xecasional premature ventricular contraction 
was seen. As in the previous patient the de- 
velopment of an occasional ventricular pre- 
mature contraction heralded -the onset of 


ventricular tachycardia and should probably 
constitute an indication for prompt cessation 
of administration. It is worth noting that in the 
latter patient the toxic dose was three times as 
great in terms of mg. per Kg. of body weight. 
No subjective symptoms were observed in 
either patient. 


GENERAL CLINICAL FINDINGS AND DOSAGE 


Blood pressure recordings were made at two 
minute intervals on 16 patients. Of the 16 
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Fic. 4. Case 6, lead V;. A. Prior to therapy. B. 


After 1000 mg. of procaine amide given intravenously 
in 10 minutes. C. Eight minutes after completion of 
intravenous administration of 1000 mg. procaine 
amide. D. Twenty minutes after completion of intra- 
venous administration of 1000 mg. procaine amide. 


patients, 12 showed a slight to moderate drop 
in systolic pressures and to a lesser degree in 
diastolic pressures. Four patients (cases 1, 3, 
14, 25) could be considered to have a significant 
fall in blood pressure with at least a 50 mm. 
lowering of systolic pressure. The changes in 
blood pressure were noted fairly early during 
administration of procaine amide. In many 
cases temporary slowing of the rate of ad- 
ministration was necessary to control the 
hypotension. No correlation could be made 
between symptoms and the degree of hy- 
potension. 
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Subjective symptoms were minimal and 
consisted of a moderately severe headache in 
one instance, nausea in another, and a mild 
sedative effect in four others. Several patients 
noted a sense of relief at the time of conversion. 

No constant correlation could be found 
between dosages used and electrocardiographic 
changes, changes in blood pressure, and 
symptoms. There were as many undesirable 
changes clinically and electrocardiographically 
in the 14 patients given from 3.3 to 14.5 mg. 
per Kg. of body weight as there were in the 11 
patients in whom the dosage varied from 15 
to 33.3 mg. per Kg. There appeared to be a 
rather marked variation in individual response 
or sensitivity to intravenously administered 
procaine amide. 


DISCUSSION 


Although the chief action of procaine amide 
is considered to be limited to the ventricles 
with little effect on the auricles, this study 
suggests that procaine amide given intra- 
venously in doses of from 3.3 to 33.3 mg. per 
Kg. has a pronounced effect on the auricles. 
This was demonstrated by conversion of 
auricular fibrillation in 6 patients and of 
paroxysmal supraventricular tachycardia in 3 
patients to normal sinus rhythm and the 
elimination of frequent premature auricular 
contractions in one patient. In addition, when- 
ever auricular rates could be calculated, as in 
the patients with auricular flutter or coarse 
fibrillation, definite and pronounced slowing of 
the auricular rate with widening and coarsening 
of the f waves could be observed whether 
conversion was achieved or not. 

The constant finding of an increase in 
ventricular rate during administration of 
procaine amide in patients with auricular 
fibrillation and a decrease in auricular-ven- 
tricular ratio in patients with flutter would 
suggest an atropine-like action of procaine 


amide, as has been described with quinidine.? 
However, this could also be attributed to the 
slowing of the auricular rate. 


Other electrocardiographic changes _ indi- 
‘ative of the effect of this drug on the myo- 
-ardium were quite common. These consisted 
of widening of the QRS and Q-T interval and 


minor changes of the S-T segment and T 
wave. Mark and associates,' however, reported 
only a 10 per cent incidence of such findings. 
That this drug should be used intravenously 
with caution was evidenced by “toxic” or 
undesirable changes which occurred in 10 
instances or in 8 of the 25 patients treated 
with intravenous procaine amide. These con- 
sisted of two instances of short paroxysms 
of ventricular tachycardia; three instances in 
which the QRS widened 50 per cent or a 
bundle branch block developed; one instance 
in which electrical alternans developed, and 
four instances in which the degree of hypoten- 
sion was significant. In addition a pronounced 
increase in ventricular rate occurred in 3 
patients. In many patients this would be an 
undesirable effect but probably could be 
prevented by adequate digitalization. 
Although hypotensive effects have been 
described,'! the other changes have not as yet 
been reported and deserve serious considera- 
tion when the drug is administered intra- 
venously. Fortunately none of the changes 
described above proved to be of serious clinical 
significance. Slower rates of administration and 
smaller doses might have prevented some of 
these changes. However, it would appear that 
electrocardiographie control and frequent de- 
terminations of the blood pressure would be 
of utmost importance during the intravenous 
administration of procaine amide. 


SUMMARY 


1. The effect of the intravenous administra- 
tion of procaine amide in 25 patients with 
supraventricular arrhythmias was studied. 

2. A pronounced effect on the auricles was 
demonstrated by the following findings: (a) 
conversion to normal sinus rhythm of 6 cases 
of auricular fibrillation, and 3 cases of supra- 
ventricular tachycardia; (b) elimination of 
premature auricular contractions in one pa- 
tient; (¢) marked slowing and changes in the 
configuration of the auricular waves in 7 other 
patients. 

3. In 4 patients with auricular flutter con- 
version to normal sinus rhythm was_ not 
achieved. 

4. Other electrocardiographic evidence of 
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ie effect of this drug on the heart was demon- 
rated in nearly all patients by mild to marked 
grees of QRS and Q-T interval prolongation. 
5. An increase in ventricular rate in auricular 
brillation and a decrease in auricular-ven- 
icular ratio in auricular flutter was a constant 
nding. 

6. *“Toxic”’ or undesirable changes were 
served in 8 patients. Two patients with 
s.ort paroxysms of ventricular tachycardia 
‘serve special emphasis. 

7. Considerable variation in individual sen- 
sitivity to procaine amide and the frequent 
nfavorable manifestations seen make neces- 
sary careful electrocardiographic and blood 


pressure control during intravenous adminis- 
tration of this drug. 
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A New Tolerance Test as a Guide to Clinical 


Heparin Therapy 


By Ropert 8. McCuierry, M.D., anp Joun A. Yarsorovuanu, M.D. 


with the statistical assistance of Con O. T. Ball 


It is a common clinical observation that the response to a specific dose of heparin in a retarding 
menstruum is unpredictable. The fallacy of using weight as a guide to dosage is well shown by the 
results here reported. To simplify the approach to a therapeutic regimen, it seemed advisable to 
assess all of the variables in an individual patient by the administration of a test dose of intra- 
venous heparin. A dosage schedule is outlined, based on the response to the tolerance test, which 
proved accurate in 105 patients and requires the performance of only one coagulation time every 


24 to 36 hours. 


HE VALUE of heparin in the treatment 

of phlebothrombosis and pulmonary em- 

bolism has been established,’~°> and by 
many it is believed to be the treatment of 
choice. It is also useful as adjunctive therapy 
in the treatment of thrombophlebitis, arterial 
embolism and thrombosis, and coronary heart 
disease.®: ‘ Its therapeutic application, however, 
has been retarded by (1) the individual vari- 
ation in the response when the dosage was 
based on weight, (2) the necessity of frequent 
determinations of coagulation time to disclose 
the duration of therapeutic effect, and (3) the 
cost of the medication itself. 

Factors leading to individual variation in the 
response to heparin that have been suggested 
are weight,’: * age,* adequacy of renal function, 
the severity of the thrombotic disease,’ and 
various blood dyscrasias. It has been recom- 
mended that all patients weighing 150 pounds 
and over be given an initial injection of 400 
mg. of heparin in a retarding menstruum and 
that all patients below that weight be given 
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300 mg.' A recommendation of 2 mg. per Kg 
of body weight has also been suggested.® 

In order to simplify the practical approacl 
to a therapeutic regimen, it seemed advisable 
to assess all of the variables in an individual 
patient by the administration of a test dose of 
intravenous heparin. All might then be clas- 
sified according to their response to a standard 
amount of the drug. It seems reasonable to be- 
lieve that the response to heparin in this form 
might be valid as a basis for the prediction of 
response to heparin in any form in that same 
individual. 

Heparin tolerance tests have been used in 
the past to classify patients as to their normal 
or abnormal reactions to heparin’ and to detect 
the tendency to intravascular clotting.’ 1° De 
Takats has suggested the use of 10 mg. of 
sodium heparin intravenously, followed in 10 
minutes by a capillary tube coagulation time 
determination. The capillary tube method of 
determining coagulation time, we believe, re- 
flects inadequately the actual response of a 
patient to heparin." In another problem, we 
had used an injection of 50 mg. of heparin 
intravenously and determined the coagulation 
response by the modified three tube Lee-White 
method.'? These results established a tentative 
basis for classification, and the dosage of hepa- 
rin in a retarding menstruum was varied from 
200 to 500 mg., depending upon the individual’s 
response. 

It was hoped that this method of fitting the 
dosage to the individual patient would result 
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n (1) avoiding expensive excess administration 
f the drug, (2) decreasing the occurrence of 
-xeessively prolonged blood coagulation with 
he attendant danger of hemorrhage, and (3) 
preventing the administration of subtherapeu- 
ic dosages to hyporeactors. 


METHOD 


One hundred and five cases on the Surgical 
ervice from October 1948 to the present were 
andidates for heparin therapy. These were con- 
secutive cases and no selection was made. If the 
|.istory revealed no evidence of blocd dyscrasia and 
’ the coagulation time was normal and no active 
hleeding was occurring, then a 50 mg. intravenous 
injection of sodium heparin was given and subsequent 
dosages of heparin in a retarding menstruum were 
hased on the response to that tolerance test. Twenty 
minutes later, a coagulation time was obtained. For 
the purpese of the study the following empiric 
schedule was followed: if the 20 minute coagulation 
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2. Into three dry Wassermann tubes, numbered 
1, 2, and 3, inject 1.5 ec. of blood into tube 3, 1.5 
ec. into tube 2, 1.5 ec. into tube 1. The remaining 
0.5 ec. is discarded. The blood should be allowed to 
flow down the side of the tubes with as little mix- 
ture with air as possible. The first blood withdrawn 
from the vein contains most of the tissue thrombo- 
plastin and is therefore placed in tube 1. 

3. The tubes are placed in an upright position. 
Blood which is well heparinized will separate into a 
layer of red cells and a layer of plasma (fig. 1A). 
In a heparin tolerance test, the tubes are not exam- 
ined for 45 minutes. When doing a 20 hour coagula- 
tion time, the tubes are not examined for 20 minutes. 

4. Tube 1 is picked up and gently inclined until 
the red cell mass flows (fig. 1B). The tube is replaced 
in the rack and the same procedure is repeated at 
five minute intervals until the red cell mass does 
not flow. The plasma will not flow as long as the 
red cell mass because it coagulates at the interface 
between air and plasma (fig. 1C). At first the red 
cell mass is very liquid and flows readily, but as 
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Fig. 1. Physical changes observed in the blood during the performance of the coagulation time 
determination. 


time was below 60 minutes, 500 mg. of heparin in a 
retarding menstruum were given; if the tolerance 
coagulation time was between 60 and 119 minutes, 
100 mg. were given; 120 to 179 minutes, 300 mg.; 
and 180 minutes and over, 200 mg. (table 1). 
Thirty patients were given more or less than the 
scheduled dosage in an attempt to ascertain the 
precise limitations of dosage categories. Seventy-five 
cases did receive therapy as indicated by the 20 
minute tolerance time and these cases form. the 
principal basis of the final results of the study. 


1. Coagulation Time Method 


We have used a modification of Loewe’s method! 
und the end point is read by the appearance of a 
‘lot in the red cell layer. In performing the test 
he tubes are disturbed as little as possible. 

It cannot be emphasized too strongly that the 
ccurate performance of this test is a basic require- 
nent for safe heparin therapy. 

1. Using a dry syringe, do a venipuncture and 
vithdraw 5 cc. of blood. If the venipuncture is 
raumatic, use another syringe and needle and draw 
he blood from another vein. 


coagulation approaches, the red cell mass becomes 
more viscid and flows sluggishly. Just before the 
end point is reached, the red cell mass will flow in 
the center but not around the periphery (fig. 1D). 
The point is reached when the red cell mass does 
not flow. Beyond this, a narrow, tongue-like projec- 
tion of red cells may continue to flow, even though 
the main mass of red cells has clotted (fig. 1£). 
The same procedure is then carried out with tube 
2 and then tube 3. Clotting in the third tube is 
recorded as the coagulation time. The tubes should 
be agitated as little as possible to avoid artificially 
decreasing the coagulation time. 

5. In doing coagulation times on unheparinized 
blood, which does not separate into layers, the end 
point is reached when the blood ceases to flow when 
the tube is inclined. There is a tendency for the 
blood at the interface between air and blood to 
form a surface film before the remainder of the 
blood coagulates. It is permissible to ‘“‘flick’” the 
tube gently to break up this film. The blood will 
then flow freely, but coagulation usually will occur 


three to four minutes after the tube has been 
“flicked.” 
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We believe this method represents more nearly 
the status of the heparin effect in vivo than methods 
involving more frequent examination and agitation. 
A practical advantage exists in that this allows other 
work to be done during the performance of the 
clotting test. 


B. The Use of Vasoconstrictor Drugs 


All but 12 of the 75 cases received the total dosage, 
as recommended by the tolerance schedule, with 
approximately one-third of the total made up of 
drugs containing vasoconstrictors. It has been 
shown!:* that the addition of epinephrine and 
ephedrine to the retarding menstruum results in a 
prolongation of the duration of effect and lowers the 
height of the maximum effect. It is inadvisable to 
use the medication containing vasoconstrictors in 
patients with coronary heart disease, arterial throm- 
bosing diseases or thrombophlebitis. 


C. Definition of Adequate Therapy 


A prolongation of the coagulation time to 25 
minutes, by the above described method of reading 
the end point, was considered to be sufficient to 
obtain protective therapeutic effect. This is approx- 
imately two times the average baseline coagulation 
time. In the great majority of all instances of 
therapy, the coagulation time was allowed to fall 
to a level between 25 and 30 minutes before another 
injection was given. It is our opinion that this is 
a safe level, since we encountered no therapeutic 
failures using this point as a guide. 


D. Site of Injection 


The preferred site of injection is in the lateral 
aspect of the thigh. The medication is placed in the 
deep subcutaneous tissue and not intramuscularly. 
In our experience, intramuscular implantation is 
too often accompanied by pain and hematoma. The 
advantage of placing the deposits immediately 
superficial to the fascia lata lies chiefly in the rela- 
tive absence of blood vessels and nerves in this 
area. The rate of absorption thus is apt to be repro- 
ducible in the same patient and to be slowed max- 
imally. In our experience, Depo-Heparin* has been 
much less painful than heparin in Pitkin’s men- 
struum. It is of interest to note that the occasional 
patient who has severe pain from Depo-Heparin 
seems to tolerate the injection very much better 
when it is placed in the subcutaneous tissue of the 
upper arm, posterior and superior to the insertion 
of the deltoid tendon. In those cases in whom a 
four to six week course of therapy is planned, 
rotation of the site of injection between the thighs 


* Each ec. Depo-Heparin contains: 
Heparin sodium = (20,000  U.S.P. 
units) 
Gelatin. . : .180 mg. 
Dextrose......... . ... 80 mg. 


and arms should be performed in a definite manner 
The duration of effect has been essentially the sam« 
regardless of which of the above mentioned site 
was used. 


E. Statistics 


In the statistical interpretation of the data in thi 
study, differences of 2.6 standard deviation (a prob 
ability of .01 or less) are considered “significant.’ 
Differences of twice the standard deviation ar 
considered “probably significant.” 


TaBLe 1.—Heparin Tolerance Test and Treatment 
Schedule 
(1) Base line coagulation time (three tube, Lee 
White). 
(2) 50 mg. sodium heparin I.V. 
(3) 20 minutes later do coagulation time. 
(4) 
If coagulation Give 
time is 
Gj es 
1 hr-2 hrs. 
2 hrs-3 hrs. 
>3 hrs. 
(5) 20 hours later do coagulation time: 
If coagulation 
time is 


500 mg. 
400 mg. 
300 mg. 
200 mg. | 


Depo-heparin or heparin 
Pitkin’s menstruum 
deep subcutaneously 


200 or 360 400 or 500 
mg. groups mg. groups 
min. min. 


(Wait 16 hrs.—Repeat 
same dosage 

Wait 10 hrs.—Repeat 
same dosage 

Wait 4+ hrs.—Repeat 

_ same dosage 
around 25 25 re-inject immediately 

(6) Repeat regimen (5) as long as therapy is indi 

cated. 

(A) The 13% of our patients who have had thera 
peutic levels for 48 hours following an injection may 
be spotted by an appreciable rise in their 20 hour 
coagulation time, following their second or third 
injection. 


well over 
around ‘ 
60 


well below | 


RESULTS 

A. Depo-Heparin Dosage—Response  Relation- 

ship, Based on Heparin Tolerance Test 

Treatment was begun in all cases by the 
performance of the heparin test as outlined in 
table 1. The cost of the sodium heparin used 
in the tolerance test cannot be considered 
wasted, since the patients received immediate 
protection on injection and this continued while 
the clotting time was being determined. In- 
deed, some believe that adequate heparin ther- 
apy can be accomplished safely by the admin- 
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i tration of such a dose every four hours, with- 
cut performing any coagulation time studies. 
Depending upon the length of the 20 minute 
coagulation time, two to four hours after the 
injection of intravenous heparin, the dosage of 
] epo-Heparin indicated by the test was given. 
]1 the first 50 cases the response to the dose 
o: heparin in a retarding menstruum was deter- 
mined by coagulation time studies made 12, 
24, 36, and occasionally 48 hours following each 
iitjection. Figure 2 depicts the results of ther- 
apy in these cases. Cases in the 300 mg. dosage 
citegory had a higher percentage of adequate 
taerapy at the 24 and 36 hour interval than 
did the 200 and 400 mg. categories. However, 
only at 36 hours was the percentage of success 


| 


Ah 


200 ALL DOSES 
20 WIN CLOTTING TIME 60-119 MIN (20-179 MIN 80+ MIN 


0) 


= 100) 
3 80 
= 60 
- 4 
: 


Fia. 2. Per cent of 75 cases with adequate therapy. 
Dosage based on 20 minute clotting time after 50 mg. 
sodium heparin given intravenously. 


significantly higher. At the 48 hour interval, 
the percentage of success was practically the 
same in all groups. 

Ninety-two per cent of all cases receiving ¢ 
dosage according to the 20 minute clotting time 
schedule, enjoyed adequate protection for 24 
hours. Statistical analysis of the variation in 
this dosage-response relationship indicates that 
the incidence of satisfactory response to such 
2 dosage schedule in a similar group of patients 
would range from 84 to 100 per cent, 99 times 
cut of 100. It will be seen that two-thirds of all 
patients received adequate therapy for 36 
hours, whereas only approximately 10 per cent 
had adequate therapy for 48 hours. 

For the purpose of statistical analysis, table 

(line 4) was changed tentatively to the fol- 
lowing schedule: 400 mg. of Depo-Heparin for 
ll patients with a tolerance time of 100 to 

19 minutes, 300 mg. for a tolerance time of 

50 to 199 minutes, and 200 mg. for a tolerance 
ime of 200 minutes and over.. Although this 


schedule would result in giving a larger dose 
of heparin to many of the patients in each of 
these dosage categories, the percentage of ade- 
quate therapy was not increased at the 24, 36 
or 48 hour interval. This increase in dosage 
seems to result in a higher peak response with- 
out increased duration of effect (table 2). Even 
though the schedule in table 1 (line 4) had been 
more or less arbitrarily selected, the final analy- 
sis of the data indicated that it had the highest 
correlation with adequate dosage therapy. 


TABLE 2.—Effect of Increasing or Decreasing Dosage 
from Level Indicated by Test 


Clotting time in min. at: 


12hr. | 24hr. | 36hr. 


Greater than: without increased 
duration (4 patients) 
Tolerance schedule dosage 

T.S.D. + 100 mg. 
Tolerance schedule dosage 
T.S.D. + 100 mg. 
Tolerance schedule dosage 
T.S.D. + 100 mg. 
Tolerance schedule dosage 
T.S.D. + 100 mg. 
100 mg. less than: inadequate 
therapy in 7 of 8 patients 

20 
15 
24 
10 
15 

80 12 

50 12 

85 50 30 


In all of the first 50 cases, in addition to the 
specimen drawn 20 minutes following the intra- - 
venous heparin injection, a 90 minute sample 
was obtained. It was hoped that this sample 
might give a better prediction of the expected 
duration of adequate therapy than would the 
20 minute sample. In only the 200 mg. dosage 
category was a slightly better prediction rate 
observed. This difference was minimal and was 
not statistically significant. 

B. Prediction of Duration by the Twenty Hour 


Coagulation Time 


Only 8 per cent of all patients studied had 
less than 24 hours of adequate therapy when 
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given the dosage of Depo-Heparin indicated 
by the tolerance test. All of these cases did 
have adequate therapy for 20 hours, however. 
A final and simplified plan of therapy then 
must be so arranged as to protect these pa- 
tients. A study was made of the coagulation 
graphs of the first 50 patients, and by inter- 
pretation of the curve, their actual or probable 
20 hour coagulation time was determined. 
These figures, when correlated with the known 
duration of therapy in each individual patient, 
led to the selection of the figures shown in 
table 1 (line 5). 

There was no absolute certainty that 20 hour 
times of even 90 minutes or over would be 
accompanied by a total duration of 48 hours. 
In the practical application of the schedule, a 
coagulation time of 55 minutes was considered 
“well over” the 45 minute point and 35 
minutes, ‘well below.”’ Similarly, 70 minutes 
was ‘“‘well above” the 60 minute division line 
and 45 minutes, ‘“‘well below.” 

Approximately one-tenth of the patients did 
obtain 48 hours of therapy from a single injec- 
tion. In the majority of these patients, the 
second 20 hour coagulation time will rise 15 or 
more minutes above the first. When this occurs 
the coagulation time should be checked at 36 
hours, before a third injection is given. 

The therapy of the last 25 of the 75 cases 
was guided entirely by this schedule. The initial 
dose of Depo-Heparin was determined by the 
heparin tolerance test and 20 hours following 
the injection, a coagulation time was deter- 
mined. A second coagulation time was repeated 
on each individual patient at the time interval 
indicated by his 20 hour response. These 25 
patients received 136 doses of Depo-Heparin 
during the course of their treatment. In 134 
of these instances, the coagulation time was 
25 minutes and above at the predicted hour. 
Statistical analysis indicates that in a similar 
group of patients correct predictions would 
range from 96 to 100 per cent, 99 times out of 
100. 


C. Effect of Increasing or Decreasing Dosage 
from Level Indicated by Tolerance Test 


In 30 of the 105 cases the dosage was 100 or 
200 mg. more or less than the indicated dosage. 


Table 2 depicts the results of giving 100 my. 
more or less than the suggested dosage, and ‘t 
includes all such patients in our series. It wi'l 
be noticed that 100 mg. more than the toler- 
ance schedule dosage results in an increase] 
height of effect at the 12 hour determination 
without any appreciable increase in duration 
of adequate therapy. Contrariwise, 100 mg. 
less than the proper dosage resulted in inade- 
quate therapy in 7 of 8 such cases. These 
variations from accurate dosage lend further 
credence to the plan of fitting the individu:| 
dose to each patient’s tolerance. In one instanc> 
the patient will be protected inadequately, anc, 
in the opposite direction, an excess of the drug 
will be given with coagulation time elevate! 
above the level necessary for adequate therapy. 
In a real sense, the cost of such excesses is an 
unjustifiable expense to the patient. 


D. Accuracy of Tolerance Schedule Versus 
Weight Schedule 


At the present time the weight of the patient 
is used as the major, if not the sole, guide to 
the dosage of heparin in a retarding menstruum. 
In table 3 is shown the response of patients of 
similar tolerance given identical dosages of 
Depo-Heparin even though they have a wide 
range of body weight. The similarity in 
response is noticeable in the group of 7 patients. 
with a similar tolerance, given 300 mg. of 
heparin in a retarding menstruum. It can be 
seen that their weight ranged from 106 to 180 
pounds. Similarly, in the 200 mg. dosage cate- 
gory, 10 patients varying from 130 to 280 
pounds show a striking similarity in response 
to Depo-Heparin. It is of interest to note that 
the patients in the 200 mg. category not only 
respond closely to each other, but also to mem- 
bers of the 300 mg. group, whose tolerance 
tests indicated them to be less sensitive to 
heparin. Most striking is a comparison of the 
first and last patients in the table. Althoug) 
one patient weighs 106 pounds and the other 
280, their coagulation response is remarkablh 
similar. Thus, a patient weighing almost thre: 
times as much as the other had a similar thera 
peutic response to 100 mg. less of the drug. / 
small group of patients had tolerance times o 
300 to 400 minutes. Although they were giver 
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he same 200 mg. dosage as patients with a 
olerance time of 180 minutes, their coagulo- 
“rams were most apt to be similar, both as to 
height of response and duration of effect. 
The practical significance of these differences 
in tolerance to heparin would be slight if the 
ast majority of patients were so-called normal 
reactors of the 300 mg. dosage category. Table 
| shows the distribution of our cases, with 36 
yer cent of the cases in the 200 mg. group, and 


TaBLE 3.—Similar Tolerance with a Wide Weight 
Range 

. ee ; Clotting time in min. at: 

20 min. Weight in . : : 


time pounds 


12 hours 24 hours 36 hours 


300 mg. dose (7 patients) 


150 min. 106 70 50 
150 135 80 55 
145 140 70 45 
145 150 150 50 
150 150 75 65 
150 164 90 70 
155 180 65 45 


200 mg. dose (10 patients) 


130 70 
130 65 
140 60 
150 70 
150 110 
167 75 
170 85 
186 100 


220 
280 


24 per cent of the cases in the 400 mg. category. 
\ study of the weight of these same individuals 
lisclosed that 53 per cent of them would have 
been given 400 mg. of heparin in a retarding 
menstruum based upon their weight. There is 
no guarantee that the 24 per cent of our cases 
given 400 mg. would be contained in the 53 
per cent given the same dosage based on weight. 
Not only does this lead to inaccurate therapy 
but it will result in a great waste of the drug. 

In order to define the extent of the weight- 
dosage error, our data was approached in an- 
other fashion, as shown in table 5. Each case 


was studied individually and classified. It will 
be seen that in 55 per cent of our cases the 
dosage recommended by the patient’s weight 
would have been in excess of that needed. In 
many instances patients whose weights indi- 
cated 400 or even 500 mg. did have a satis- 
factory therapeutic response with only 200 mg. 
of Depo-Heparin. In 7 per cent of the patients 
the weight dose would have been less and the 
coagulation time at 24 hours indicated that the 
decreased dosage would have resulted in an 


TaBLE 4.—Actual Distribution by Tolerance Test 
Compared with Theoretical Distribution by Weight 
Schedule 


Theoretically 


Dosage No of cases Tolerance test by weight 


200 mg. 27 36% 0% 
300 mg. 30 40% 47% 
400 mg. 18 24% 538% 


TABLE 5.—Actual Therapy by Twenty Minute Dosage 
Schedule in Comparison with Recommended Weight 
Dosage 


No of 
Cases 


Per Cent 
Total successful therapy 69 
Weight dose would have been 
excess . 38 
Weight dose would have been less 
and not adequate... 
Total weight-dose error 


Weight dose would have been less 
but probably adeguate 
Weight dose would have been same 


inadequate therapeutic regimen. This gives rise 
to a total weight-dose error of 62 per cent. In 
only 35 per cent of the cases was the weight 
dose the same as that indicated by the toler- 
ance test. 


EF}, Adequacy and Duration of Therapeutic Regi- 
men 


Phlebothrombosis. When a diagnosis of un- 
complicated phlebothrombosis is made, the pa- 
tient is put to bed with the foot of the bed 
slightly elevated above heart level. Heparin 
therapy is begun as outlined and continued for 
two to three days following subsidence of all 
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signs and symptoms. This period is reached 
usually on the fifth day of therapy. The patient 
is then permitted to walk, with the leg wrapped 
in elastic bandages, and heparin therapy is 
continued as before. If at the end of two days 
there has been no return of the signs and symp- 
toms, heparin therapy is discontinued. The 
patient is observed for two more days, while 
he ambulates, before he is discharged. 

“Spontaneous Phlebothrombosis.”” An oceca- 
sional patient is seen who has had no obvious 
etiologic factor to cause a phlebothrombosis. 
He has been performing his usual daily tasks 
and cannot remember any illness or incident 
which may have served as a “trigger mecha- 
nism” for the onset of benign thrombosis. Early 
in the series of observation, these patients were 
treated by the above outlined regimen. Not 
infrequently the disease would recur in a few 
days to a week, when heparin had been given 
for only five days. For that reason the duration 
of heparin therapy was increased to 14 days. 
Under this therapeutic plan of attack, we have 
had no recurrence in these patients. It is true 
that some of them have returned, months later, 
with a new episode of the same type. Recently 
we have treated second episodes in these pa- 
tients by anticoagulant therapy for a 90 day 
period. 

Pulmonary Embolus. When an embolus has 
occurred in either of the two types mentioned 
above, the patient remains at bed rest for 12 
days, with heparin therapy as previously out- 
lined. He is then allowed out of bed with hepa- 
rin being continued for two more days. Obser- 
vation is continued at least 48 hours, without 
heparin. The extremities are wrapped as men- 
tioned above. 


DIscUSSION 

It would appear from a survey of the data 
offered, that the final treatment schedule, as 
shown in table 1, offers a simple, safe and effec- 
tive method to avoid the dangerous excesses 
and lapses in clinical heparin therapy. In a 
practical sense, it is possible to disregard all of 
the multiple variables that lead to therapeutic 
confusion, basing treatment solely on the indi- 
vidual’s response to a standard dose of intra- 
venous heparin. Therapy can be controlled by 


the performance of a simple, accurate and re- 
producible coagulation time determination 
every 24 to 36 hours. 

The duration of effect of heparin in a retard 
ing menstruum, with vasoconstrictors, may 
well be greater than that of the same prepara- 
tion without them. This does not seem to 
invalidate the accuracy of the 20 hour predic 
tion, when the latter drug is used in the treat- 
ment of patients with coronary heart diseas: 
and arterial thrombosis and embolism. What- 
ever effect the vasoconstrictors may have had, 
it appears to have been dissipated by the 2) 
hour interval. 

The fallacy of depending on weight as a guid> 
to heparin dosage is well shown by a study of 
tables 3, 4 and 5. It was particularly obvious 
in one patient who, weighing almost three times 
as much as another, had the same therapeutic 
effect from 100 mg. less of the drug. Table 2 
demonstrates that medication given in excess 
of that indicated by tolerance does not produce 
a comparable prolongation of therapeutic 
effect. The excessive decreases in blood coagu- 
lability produced by these overlarge doses are 
not necessary for the protective effect of hepa- 
rin on the thrombosis. Even though over one- 
third of our patients had full protection by 200 
mg., none of these patients would have been 
given that dose by a weight schedule. Most 
recently dosages of 500 and 600 mg. have been 
recommended. In none of 105 cases did we 
find this large dose necessary. 

It is fundamental, and of primary impor- 
tance, that the simple rules outlined for the 
performance of the coagulation test be fol 
lowed. The coagulation times were all done at 
room temperature during the change of seasons 
over a period of one and one-half years. Un- 
questionably, extremes of temperature will in- 
fluence the length of a coagulation time, but 
the variation encountered during this period 
did not seem appreciably to alter the results 
Over 30 house officers and students have been 
involved in collecting the coagulation time dat 
reported in this paper. That such reproducible 
responses were observed, indicates that the 
method can be learned by anyone who is suffi- 
ciently interested. 

The final proof of any therapeutic regimen 
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nust be measured against its effectiveness in 
reating the diseases for which it is designed. In 
1one of the cases, was there a known failure of 
1eparin therapy. There was no extension of the 
ocal signs in the cases of uncomplicated phlebo- 
hrombosis, nor did an embolus occur in any 
if these cases. In none of the 11 cases who were 
.dmitted with a pulmonary embolus, or whose 
irst warning sign in the hospital was an em- 
olus, did re-embolization occur. These results 
ittest to the validity of the method of deter- 
nining the coagulation time, to the safety of 
‘he 25 minute coagulation time as the lower 
mit for therapy, and to the fact that the sug- 
rested length of the therapeutic regimen has 
been sufficient. 


SuMMARY 


1. A therapeutic regimen, based on a simple 
tolerance test, is outlined whereby heparin 
therapy can be fitted to the individual patient. 
It was evolved from a study of 105 patients. 

2. Dependence upon weight as a guide to 
dosage has been shown to be grossly inaccurate. 

3. A simple coagulation time method is sug- 
gested and its fundamental importance is 
stressed. 

4. Results indicate that it is safe to allow 
the coagulation time to fall to a level of 25 
minutes, before a new injection of heparin in a 
retarding menstruum is made. 

5. The method proved accurate in the con- 
trol of heparin therapy in various forms of 
venous and arterial thrombosis, and requires 
the performance of but one coagulation time 
every 24 to 36 hours. 
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Lumbar Sympathectomy for Peripheral 


Arteriosclerosis 


By Feurx L. Peart, M.D., anp Leonarp D. Rosenman, M.D. 


Lumbar sympathectomy as treatment for obliterative arteriosclerosis of the legs has developed in 
accordance with better understanding of the physiology of the collateral.circulation.. Its import- 
ance is demonstrated by the results observed in 44 extremities followed postoperatively up to 14 
years. The indications for sympathectomy and method of case selection are discussed at length. 
As experience has broadened, more advanced cases have been operated on, and good results have 


been obtained. 


IFTEEN years have passed since the 
senior author began to use lumbar sym- 
pathetic ganglionectomy in the treatment 
of obliterative arteriosclerosis of the extremi- 
ties. In 1934 it generally was conceded by 
vascular surgeons that patients with degenera- 
tive (arteriosclerotic) peripheral vascular dis- 
sease were not satisfactory subjects for 
ganglionectomy. It was questioned how such 
a procedure could hope to influence the flow 
of blood through arteries permanently occluded 
by the arteriosclerotic process. Nevertheless, 
an increasing number of surgeons have em- 
ployed this method of treatment with growing 
confidence.?: *-®: 2° = It is our purpose herein 
to review our progress in this field, giving 
special attention to selection of cases for opera- 
tion and to report our experience with a modest 
number of cases, many of which have been 
followed for extended periods of time. 
Re-examining the early concepts of vascular 
pathologic physiology, one is aware of the con- 
fused thinking of those times. For example, 
vasoconstriction was improperly named ‘“‘vaso- 
spasm.”’ We now know that in most cases of 
obliterative disease, whatever vasoconstriction 
is measurable is the normal vasoconstrictor 
element, or what is left after ‘‘vasoconstrictor 
recession.”’ This is the authors’ term for pro- 
gressive loss of vasomotor tone that is a feature 
of these diseases. Estimates of vasomotor tone 
were used to differentiate the “spastic” from 
the ‘occlusive’ diseases, basing judgment en- 


From The Department of Sympathetic and Vas- 
cular Surgery, Mount Zion Hospital, San Francisco, 
Calif. 


tirely on how closely the normal was approxi 
mated after induced vasoconstrictor paralysis 
We now recognize that this concept is invalid 
that in the early stages of peripheral oblitera 
tive arterial disease there may be normal o: 
only slightly reduced vasoconstrictor capaci 
ties; that as occlusive disease progresses this 
element of vasoconstriction gradually recedes, 
and eventually may reach a stage where it is 
no longer demonstrable. It is now known, too, 
that it is not necessary to open occluded major 
vessels to increase the blood flow to an ex 
tremity. Because the collateral circulation is 
under vasomotor control, sympathectomy can 
be depended on to increase the total circulation 
in extremities with vasoconstriction, whether 
or not the ability of the major vessels to trans- 
mit blood is thereby improved. This increase 
may occur even in parts where vasoconstrictor 
paralysis tests are inconclusive,?: * although 
more reliably in areas where such tests are 
definitely positive. 

Although it is well recognized that the total 
circulation of an extremity can be increased 
by sympathectomy, there is some disagreement 
about the distribution of the increased blood 
flow. It is conceded that the circulation through 
the skin of the hand or foot is markedly in- 
creased. Whether or not this occurrence is detri- 
mental to muscle blood flow in the forearm or 
leg is problematic. The persistence of inter- 
mittent claudication after sympathectomy is 
frequently observed. This has been accepted as 
an indication that muscle circulation is ad- 
versely affected. However, slow improvement 
in intermittent claudication also has _ been 
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noted.4 ® 18. 20, 21 Contrary to a somewhat 
prevalent contention’ there are no satisfactory 
lata that demonstrate a decrease of muscle 
‘irculation caused by sympathectomy ; whereas 
t has been shown that muscle circulation may 
ven be increased under conditions of stress.° 
However, even if the operation did no more 
han improve skin circulation its worth would 
ve definite. Most of the serious complications 
f peripheral degenerative arterial disease begin 
is traumatic or infectious lesions in the skin. 
Che increase of skin circulation which follows 
sympathectomy is an important factor in the 
healing of those lesions, at times making the 
lifference between preservation and amputa- 
tion of the extremity. The theory that the 
deeper tissue may not share in the increased 
blood flow should not deter the surgeon from 
performing the operation. 

In 1934 our ideas on the treatment of vascu- 
lar disease began to change. Under an erroneous 
preoperative diagnosis of thromboangiitis ob- 
literans we performed sympathectomy of an 
extremity with a pregangrenous toe which we 
later found due to degenerative arterial oc- 
clusion. We had thus committed the “‘surgical 
crime” of performing lumbar sympathectomy 
for peripheral arteriosclerosis. The result was 
excellent. We came to an early realization that, 
in the operation of sympathectic ganglionec- 
tomy, normal sympathetic nervous tissue was 
removed to produce a nonspecific functional 
effect. We could find no valid reason for denying 
operation in properly selected cases of arterial 
insufficiency due to peripheral arteriosclerosis. 
Accordingly, and encouraged by our previous 
success, we deliberately subjected our first case 
of peripheral arteriosclerosis to lumbar sympa- 
thetic ganglionectomy in 1934. From 1934 to 
1948, 44 extremities with the same process 
were similarly treated. The authors present 
herewith their experiences with these cases. 


SELECTION OF CASES 


In the earlier years of our experience patients 
were selected for operation according to the 
following criteria: (1) the response to conserva- 
tive management was unsatisfactory; (2) vaso- 
motor studies under controlled ‘conditions 
showed satisfactory vasoconstriction potential. 


The conservative management consisted of 
suction-pressure therapy (long since discarded), 
intermittent venous compression, Mecholyl by 
iontophoresis, vasodilating drugs, circulatory 
exercises, foot hygiene, and other measures. 
A response was judged favorable if symptoms 
were alleviated, or if there was improvement 
in the force of the pulses, the response to 
elevation and dependency, the character of 
the tissues, the temperature of the part under 
ordinary conditions of living, and the condition 
of any ulcers already present. Progression of 
the arterial insufficiency during conservative 
management as indicated by enhanced symp- 
toms and unfavorable physical findings, includ- 
ing the onset of ulceration or enlargement of 
ulcers already present, was an added incentive 
to operation. Conservative management was 
not instituted in extremities with extensive 
ulceration, gangrene and infection in which 
major amputation was obviously unavoidable; 
nor was it used in cases of rapidly progressing 
thrombosis of main and collateral arteries when 
delay in performing a lesser amputation would 
compromise the chances of saving a functioning 
limb. 

Kstimation of the degree of vasoconstriction 
was made in most cases by measuring the 
surface temperatures after vasoconstrictor pa- 
ralysis had been induced by procaine block of 
the posterior tibial nerves under controlled tem- 
perature conditions. In a few cases subarach- 
noid block, paravertebral sympathetic block, 
or reflex dilation (hand warming of Landis- 
Gibbon) were used. After careful comparison 
posterior tibial nerve block was selected as the 
most accurate and reliable method of securing, 
the desired information. The attendant super- 
posable anesthesia gives indisputable evidence 
of a successful and complete block of the more 
readily affected autonomic fibers, the test is 
ambulatory, discomfort is minimal, and there 
is little or no risk. In over 450 such tests the 
method has proved its value in the study of a 
wide variety of vascular and neurautonomic 
disturbances of the extremities. 

The tests were performed as follows: The 
legs were exposed to a constant room tempera- 
ture of 16 to 20 C. for 30 to 60 minutes until 
the surface temperatures of the toes reached 
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19 to 23 C. Skin temperatures of selected sites 
were then measured with a thermocouple. The 
posterior tibial nerves were infiltrated with 
procaine solution. When complete anesthesia, 
anhidrosis, and loss of superficial reflexes were 
obtained the block was considered successful. 
Thereafter skin temperatures were measured 
every 10 minutes until each site reached a 
maximum. The normal surface temperature af- 
ter peripheral nerve block is at least 30.5 C. 
Vasoconstrictor recession was thought to be 
indicated by failure of the temperature to reach 
this level and the degree of recession is directly 
proportional to the temperature deficit. Ex- 
tremities in which skin temperatures reached 
maxima of 28 C. or over were considered to 
be good subjects for ganglionectomy; between 
26 and 28 less optimism was professed; if the 
rise failed to reach 26 C. 
eschewed. 


operation was 


Cautiously at first, and with more courage 
as time advanced, extremities which showed 
what was considered to be a great degree of 
vasoconstrictor recession were treated by sym- 
pathectomy. Of 6 extremities so treated, the 
results were good in 5. Some extremities, the 
preoperative maximum digital surface tempera- 
tures of which after block were in the range of 
19 to 23 C., and the resting early postoperative 
surface temperatures of which were in the same 
range, showed progressive rise of resting surface 
temperatures over a period of months, reaching 
normal and near normal values (30.5 C.). 
Others in the group that showed seemingly 


marked vasoconstrictor recession displayed 
healing of ulcers and/or moderate rises of 


postoperative resting temperatures. Other 
writers’: 7 have decried the use of sympathec- 
tomy in extremities with little or no vasocon- 
strictor potential, claiming that extensive 
gangrene was precipitated by ganglionectomy. 
Our gratifying experiences with this group do 
not allow us to accept this concept. Further- 
more, a review of the reports in which extensive 
gangrene was alleged to have been precipitated 
by ganglionectomy leaves considerable doubt 
as to the role of the denervation itself in the 
unhappy result. We have not performed 
ganglionectomy on extremities with marked 
vasoconstrictor recession which, in addition, 


had extensive chronic ulceration or gangrene, 
extremities which were obvious candidates for 
amputation, in which sympathectomy could 
not hope to effect satisfactory improvement. 

The favorable postsympathectomy course of 
several of those cases that had little warming 
after nerve block indicated that surface tem- 
perature warming after vasoconstrictor block 
could not be relied on alone as a criterion for 
selection of cases for operation. This has beer 
pointed out by other workers.'!: 6 !8. 19. 21 Ks 
pecially is this true in those with occluded main 
arteries, where the capacity of the smaller ves. 
sels for vasoconstriction may be difficult te 
demonstrate by this test because of the lack oi 
availability of sufficient blood to produce sig- 
nificant warming. The presence of sympathetic 
nervous activity can be further demonstrated 
by increased sweating, pilomotor activity and 
reflex superficial venospasm, and by observing 
the effect of a cool environment on the surface 
temperatures. The latter test is performed by 
exposing the patient, trunk lightly clothed, in 
a cool (18 C.) constant temperature room for 
one hour. If significant vasoconstriction is pres- 
ent, the skin temperature of the foot and lower 
leg will approach that of the room. As vaso- 
constrictor recession advances, the cold room 
stimulus will cause progressively less reduction 
of skin temperature. The temperature of the 
tips of the toes is not so important as the 
response of the entire foot and ankle.'*: ?! The 
cooling reaction is similar to the basal vascular 
tone evaluation described by Naide and Sayen" 
and Rector.'® Extremities with advanced is- 
chemia will remain cool throughout the 
exposure period, showing a slow fall of tem- 
perature. The demonstration of the presence of 
vasoconstrictor potential by skin temperature 
warming after nerve block, by fall in surface 
temperature in a cool environment, or by the 
presence of objective signs of vasoconstrictor 
activity indicates that the circulatory status of 
the extremity will be improved by sympa- 
thectomy. Even in those extremities in which 
one has not been able to demonstrate vaso- 
constrictor potential, in which vasoconstrictor 
recession has been complete, sympathectomy 
may be of considerable benefit. Thus, as out 
experience with sympathectomy for arterio- 
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s lerosis has increased, our indications for oper- 
a ion have gradually been liberalized. Extremi- 
‘s which in our early experience were refused 
eration because of lack of sufficient skin 
. wming after nerve block, have been accepted 
‘¢ sympathectomy, with less and less evidence 
vasoconstrictor potential. The liberalization 
indications has progressed to the point that 
present we now advise sympathectomy in 
ery case of progressive arterial insufficiency 
ie to degenerative arterial disease, whatever 
ve stage, so long as hopelessly extensive gan- 
ene or ulceration is not present and so long 
the patient is able to stand the operative 
ocedure with little risk. 
How long should one persist in conservative 
anagement before sympathectomy is advised ? 
If the arterial insufficiency progresses under 
treatment, sympathectomy should be done in 
any stage of the disease unless the patient is 
an obvious candidate for amputation. If the 
symptoms and signs of arterial insufficiency 
remain unchanged over a three month period 
of conservative management, operation is in- 
dicated. Extremities with mild degrees of ar- 
terial insufficiency and with one foot pulse 
present may be treated conservatively over 
extended periods, so long as the insufficiency 
does not progress. The extremity deprived of 
part of its normal blood supply may hold its 
own under ordinary conditions; but compara- 
tively mild insults, bacterial, chemical, me- 
chanical or thermal, are prone to precipitate 
ulceration or gangrene and threaten the in- 
tegrity of the limb. Sympathectomy should be 
advised when the threat is apparent and when 
the operation gives good promise of alleviating 
or removing it. The measure of available vaso- 
constriction may prove in the future to be 
less important for case selection, but more 
valuable as a prognostic guide. (See chart 1.) 
Procaine block of the lumbar sympathetics 
a: a preoperative test for the effect of sympa- 
theetomy on rest pain or claudication’ has 
been most undependable in our hands. The 
psychologic aspects of the test and the proxim- 
ity of the somatic nerves are some of the 
¢ mplicating factors which interfere with the 
ii terpretation. The transient increase in circu- 
: tion effected by procaine sympathetic block 


is not comparable to the long continued vaso- 
dilation produced by sympathectomy, and is 
therefore no true guide to the effect of chronic 
vasodilatation in relieving pain. 

In making the judgment for or against op- 
eration, the general condition of the patient 
must, of course, be taken into account.” The 
operation of extraperitoneal lumbar sympa- 
thetic ganglionectomy as described by the 
senior author and in experienced hands, does 
not cause shock, has a surprisingly low mor- 
tality and morbidity incidence’ (see Technic), 
and is extremely well tolerated, even by pa- 
tients in the older age groups.'* Consultation 
with an experienced internist should be routine 
in all patients over 60 years of age when opera- 
tion is contemplated. The vital functions of the 
circulatory, renal, and central nervous systems 
should be carefully evaluated and pitted against 
the risk of operation, even though it is slight. 
Progressive renal failure with increasing nitro- 
gen retention, and actual or imminent myo- 
vardial failure would contraindicate surgery; 
but a coronary occlusion from which the patient 
has recovered or severe diabetes would not of 
themselves rule out operation. In good risk 
patients both sides can be done at a single 
sitting; when desirable because of the general 
health, and in all patients over 65, the opera- 
tion is performed on one side at a time. The 
second side may be done 5 to 10 days later. 


TECHNIC 


All ganglionectomies here reported were performed 
by the senior author. Excepting the first 2 cases, the 
muscle-splitting extraperitoneal technic developed 
by him and reported in detail in 1937!* was em- 
ployed. It has proved eminently satisfactory, and 
has been adopted as the routine method in this 
clinic. One alteration in the operation originally 
described has been made to facilitate exposure of 
the L-2 ganglion; the internal oblique muscle is 
split just inferior to the costal margin, instead of 
lower in the flank. 

Attention is called again to the frequent variations 
in the anatomy of the lumbar paravertebral gan- 
glions. The latter can be identified with certainty 
only by their connections with the segmental nerves, 
not by their relations to the vertebrae.'*: *? Those 
connections often cannot be made out accurately 
at operation. 

The extent of ganglionectomy proposed, and usu- 
ally achieved is excision of L-2 and L-3 ganglions, 
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the chain between them, and the attached rami. 
The upper ganglion usually lies just caudad to the 
medial lumbocostal arch of the diaphragm. The L-3 
ganglion often is thick, and stellate in shape, with 
a short but rather heavy posterior ramus. Although 
the rami excised have not been found to have gan- 
glion cells by our pathologists, the existence of 
those cells in the rami, especially near the junctions 
with the spinal nerves or roots, has been described 
by Orloff,'* and by Alexander and co-workers.! We 
attempt, therefore, to excise as much of the rami 
as feasible. We have been pleased by the absence of 
clinical evidence of regeneration following the lumbar 
ganglionectomy described above. 

In the exposure and removal of the sympathetic 
chain there is a tendency for the assistant to allow 
the medial retractor (Royle) to press upon the 
abdominal aorta. The retraction is tiresome, and 
constant vigilance is required to prevent the sagging 
of the retractor. If the aorta contains calcified or 
fatty plaques, undue pressure may cause them to 
be fractured, setting fragments free in the blood 
stream to act as emboli distally. Furthermore, 
pressure on the aorta may diminish the blood supply 
to the extremities beyond the critical minimum, 
causing gangrene and thrombosis. In the infrequent 
cases of gangrene that have followed sympathec- 
tomy, which have been ascribed by some authors 
to the removal of the ganglions in itself,*:* the 
possibility of aortic compression has received little 
consideration. That must be kept in mind, as well 
as the fall of systemic and local blood pressure 
previously mentioned. 

Our choice of anesthetic agents has shifted from 
spinal anesthesia to the combination of nitrous 
oxide-oxygen with intravenous Pentothal sodium, 
with curare supplements if additional muscular re- 
laxation is needed. With the latter anesthesia there 
is much less chance of hypotension with its danger- 
ous central and peripheral sequels. Ether has not 
been used because of its ill effects in some diabetic 
patients. 

When indicated in a good risk patient, a one- 
stage bilateral lumbar ganglionectomy can be per- 
formed. In patients older than 64 years, we perform 
the operations 5 to 10 days apart. 


RESULTS 


This report deals with 44 extremities treated 
for various degrees of arteriosclerotic vascular 
disease by lumbar sympathetic ganglionec- 
tomy between 1934 and 1948. Each extremity 
has been considered a separate clinical unit for 
follow-up studies (see Case Histories). 

The operations were performed 36 times on 
male patients and 8 times on female patients. 
The average age was 53.8 years. There were 


24 right extremities, and 20 left. Fourteen of 
the 44 cases were diabetic. There were no 
operative or postoperative hospital deaths. 


The Relief of Symptoms 


The most prominent symptoms were inte: 
mittent claudication, pain, and numbness. Th: 
shortest duration of symptoms prior to th» 
first examination at this clinic was 10 day:; 
the longest 8 years. 

Intermittent claudication was present befor 
operation in 35 extremities. In 12 the symptom 
were completely relieved, and in 11 various 
degrees of improvement were noted after syn 


TABLE 1.—The Effect of Sympathectomy on Intermitte: t 
Claudication 


Pre- Post- 
operative operative 


No Claudication 8 20 


Severe. . >a 
Moderate. 1 
Mild.... 

No Data.... 

Degrees of Relief Obtained: 

Completely Relieved. . 

Various Degrees of Improvement 

No Change. . 

Made Worse. . 

No Data.... 3 
Above categories based on onset of pain after walking 
various distances on a level surface: 

Severe Pain after one or less city blocks 

Moderate Pain after one to three city blocks 

Mild Pain after any distance more than 

three city blocks 


pathectomy. In 9 there was no change, and in 
one the claudication became somewhat worse. 
(See table 1.) 

The tabular expression of data, however, is 
not adequate to describe the effects of ganglion- 
ectomy on claudication. For example, of the 
9 cases who continued to have claudication 
equal to the preoperative conditions, one could 
use a power sewing machine for a full eight 
hour work day after operation, but could not 
do so before; and 4 others were limited in 
walking after the operations by painless fatigue 
instead of by cramping pain. One of the patients 
who obtained only slight relief of claudication 
was enabled, after sympathectomy, to work 
full time as an elevator operator. 
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The relief has been sufficient in 2 other years. Recently, very slight claudication has 
extremities to permit the patient to swim as occurred after walking four blocks. 
much as two miles, a feat not possible before Rest Pain. None of the 14 extremities that. 
sympathectomy. In this group, also, 2 extremi- were free of pain before operation developed 
tis were completely relieved of pain if walking pain afterward. At least 16 of 24 extremities 


CHANGE IN SYMPTOMS IN 14 CHANGE IN SYMPTOMS IN 28 
EXTREMITIES THAT HAD NEAR OTHER EXTREMITIES THAT HAD 
NORMAL SKIN TEMP. AFTER LOWER THAN 28.5°,C. SKIN 
NERVE BLOCK (OVER 28.5° C.) TEMP. AFTER NERVE BLOCK 


1-NO DATA 


PERCENT OF CASES 


PREOP. POSTOP. PREOP. POSTOP. PREOP. POSTOP. PREOP.  POSTOP. 


INTERMITTENT INTERMITTENT 
CLAUDICATION — CLAUDICATION REST PAIN 


(J none mio —- Rj moverate §=— severe 


Cuart 1. Correlation of results of vasomotor block with postoperative improvement. 


O 


PREOP. POSTOP. PREOP. POSTOP. PREOP. POSTOP. 


G 
[ ] wo pan Yn Pan Bee MODERATELY SEVERE PAIN BB severe PAIN 


Cuart 2. Effect of sympathectomy on rest pain in 38 extremities. Data were inadequate in 6 ex- 
tremities. 


vas slow; and another claimed 55 per cent 
improvement. Of 2 patients markedly im- 
| roved, one walked many miles before claudica- 
tion interrupted him, and another (2 ex- 
tremities) was completely relieved for five 


in which pain was prominent were completely 
relieved, either immediately or within a few 
weeks after operation. Two cases had tempo- 
rary exacerbations of pain many months post- 
operatively, possibly following local arterial 
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thrombotic episodes, which subsided spontane- 
ously. It will be seen on chart 2 that those with 
the more severe pain gained the greater relief. 

Numbness was present in various parts of 
14 extremities (see chart 3) before operation. 


20- 


I-NO DATA IFA 





PREOP. POSTOP. 


[| NO NUMBNESS 


PREOP. POSTOP. 


Objective Changes after Sympathectomy 

Pulse and . Postural Color Changes. The 
changes in the pulses and the postural color 
responses are indicated in table 3. The satis- 
factory estimation of pulses and postural color 


I-NO DATA 


PREOP. POSTOP. 


Y 
YG MODERATE NUMBNESS a MARKED NUMBNESS 


Cuarrt 3. Effect of sympathectomy on numbness in 31 extremities. Data were inadequate in 13 ex- 


tremities. 


TABLE 2.—Preoperative Pulses and Postural Color 
Changes* 


ulse 

Pesion Eleva- 
tion 
Ische- 
mia 


De- 
pendent 


Dor-  Pos- > Rubor 


salis terior Pop- | Fe- 
Pedis | Tibial liteal moral 


0 

oo 

++ 

+++ 

Total dimin- 
ished pulses 

Total abnormal 
postural color 
changes 


* Normal Pulse is +++ 
Normal Postural Response is 0 


In 13 others the records of that symptom 
were inadequate. One patient with diabetic 
neuropathy who had no preoperative numbness 
complained of it slightly for several months 
after operation. At least 7 of the 9 extremities 
in which numbness was a major complaint 
were completely relieved of the symptom. 


TABLE 3.—Effects of Lumbar Sympathectomy on Pedal 
Pulses and Postural Color Changes 


| Pulses 
Elevation | 
Ischemia | 


De- 
pendent 


| Dorsalis |Posterior | Rubor 


Pedis Tibial 


Unchanged.........| 31 32 | 20 

Improved... 10 7 21 
Absent before but 
present after.... 
Improved to nor- 


Woree........ 
No Data..... 


changes depends on a long experience with 
vascular disease. With physicians so experi- 
enced, the grading is surprisingly consistent, 
but variations in individual interpretations are 
bound to occur. 

The preoperative status of the pulses and 
color changes are seen in table 2. The high pro- 
portion of abnormal findings is demonstrated. 

In scrutinizing the postoperative data on 
pedal pulses and postural color responses, one 
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is impressed with the great improvement in 
the latter. On the other hand, the effect of 
operation on pulses is not nearly so dramatic. 
It is of considerable interest, however, that the 


OEGREES C. 


SURFACE TEMPERATURE 


Although we have no charted data to illus- 
trate it, our clinical impression is definite that 
the skin temperature responses immediately 
after operation closely paralleled those obtained 


25 30 35 40 45 50 100 150 
MONTHS POSTOPERATIVE 
Cuarr 4. Surface temperatures of 18 extremities, measured for six or more months after sym- 
patheetomy, in which elevated temperatures have been reached or maintained. Plotted points are 
maximum readings. In all extremities the pattern of minimum readings is similar. 


dorsalis pedis pulse could be felt postopera- 
tively in 8 extremities in which it was impal- 
pable before operation; the same was true of 
the posterior tibial pulse in 7 extremities. The 
return of pedal pulses is an event most uncom- 
mon after other methods of treatment of this 
disease. The improvement in postural color 
responses may occur without improvement in 
pulses, and is a more important evidence of 
improved skin circulation. This is in agreement 
with our present concept of the benefits to be 
derived from sympathectomy. 

Surface Temperature Measurements. With few 
exceptions, all extremities in this collection 
had estimations of the degree of vasoconstric- 
tion before and after operation. The technic 
of study has been described above. 

The acceptance of the amount of skin warm- 
ing after vasomotor block as a prognostic guide 
has proved itself in general. This is most clear 
li preoperative test elicited a near normal re- 
svonse. The excellent results in nearly all of 
14 extremities which had warm skin after vaso- 
rotor block are compared with the inferior 
results in the 28 extremities which were less 
varm (chart 1). 


30 


29 


28 


DEGREES C. 


27 


26 
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24 


23 


22 


2 


SURFACE TEMPERATURE 





20 —— ne 7 ae FH 
5 10 15 20 25 30 35 
MONTHS POSTOPERATIVE 
Cuart 5. Surface temperatures of five extremities, 
measured for six or more months after sympathec- 
tomy, in which levels were lower than at the time of 
preoperative tests. Plotted points are all maximum or 
minimum readings; selected for distinctness of dis- 
play. The patterns of the other readings in each set 
were similar. 


from nerve blocks. That is, a like amount of 
warming, or lack of warming was noted. On the 
other hand, there has been no consistent re- 
lation between preoperative tests and skin tem- 
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perature measurements at long intervals after 
sympathectomy. (See Charts 4, 5, 6.) 

The reasons for the lack of correlation have 
been explained in part earlier in this paper in 
the section on Case Selection. However, the 
explanation is incomplete. Several variable fac- 
tors are difficult to control, especially in clinical 
studies of this type. Sympathectomy produces 
increases of skin temperature by preventing 
peaks of vasoconstriction of central nervous 
or reflex origin even in cool extremities, but 
does not abolish the changes in peripheral blood 
flow which may result from humoral, drug, 


and local mechanical or 


thermal influences. 
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would advance beyond rescue by peripher: 
collateral vessel efficiency. 

There have been many cases in whom the 
postoperative skin temperatures have remained 
as. high as or higher than the preoperative 
testing level for years (chart 4). Also, there are 
several cases in whom the skin temperatures 
have dropped as the years have passed (chart 
5). Of greater interest are those several pz- 
tients (cases 4, 10, 11, 33, 34) in whom repeate | 
skin temperature measurements over the yeais 
have shown swings from coolness to warmtl, 
or the reverse. In those cases the errors of 
measurement, including the temporal influences 
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T 
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T 
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CHART 6. 


Surface temperatures of five extremities, measured for six or more months after sym- 


pathectomy, in which there were wide swings of change. Plotted points are all maximum or minimum 
readings, selected for distinctness of display. The patterns of the other readings in each set were 


similar. 


Furthermore, sympathectomy is enlisted to 
promote the development of collateral circula- 
tion and to maintain the peripheral vascular 
bed as widely open as possible for indefinitely 
prolonged periods of time. We have repeated 
this assertion several times for emphasis. Al- 
though there have been testimonials that 
ganglionectomy may alter the chemical and 
histologic abnormalities of the arteriosclerosing 
process, until the evidence for that is indis- 
putable, we do not propose that it alters the 
advance of the damaging changes in the large 
blood vessel walls. It is possible that, in some 
‘ases in whom sympathectomy provides great 
benefit, if survival of the patient was long 
enough, the occlusive disorder in the limbs 


of all sorts, may be explicative, or intermittent 
obstructive and recuperative processes may 
have occurred, which were not made obvious 
by the patient or the examiner. 


Ulceration 


Uleers of varying extent were present in 12 
extremities at the time of sympathectomies. 
In 10, healing followed sympathectomy, and 
ulcerations did not reappear during the period 
covered by this report. 

Deep ulcers in one foot and ankle did no 
heal (see case history 33), and the extremit) 
was amputated at the low thigh level eigh 
months later. 

Ulceration occurred in 4 extremities afte 
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sympathectomy. In one instance (case history 
13), an ulcer of the third toe which existed at 
the time of sympathectomy healed afterward, 
bit recurred three months later. Healing fol- 
lcwed local debridement. The ulcers that de- 
veloped in the 3 other extremities during the 
years after sympathectomy healed when the 
e:uses were corrected (ill fitting shoes in 2 
eoses, and chronic paronychia in the third). 


Amputations 


Three amputations were performed on the 44 
extremities treated by sympathectomy. A toe 
was amputated for deep ulceration 44 months 
postoperatively (extremity 13). 

A low thigh amputation’ was performed on 
one patient after sympathectomy in the face of 
persistent ulceration and pain, and when con- 
servative measures failed to halt the process. 
This patient was afflicted with chronic alcohol- 
ism, and failed to provide adequate foot hy- 
giene (extremity 33). 

Another thigh amputation was performed 
about one and one-half years after sympa- 
thectomy because of new ulcers on the foot. 
This amputation was done in another city. 

In both cases that had major amputation, 
sympathectomy was performed in the face of 
very poor prognosis on the basis of preoperative 
studies: cold feet, presence of ulcers, atrophy 
of soft tissues, poor responses to nerve blocks. 

Three patients who had had previous thigh 
amputations were treated for arteriosclerosis 
of the remaining extremity by sympathectomy. 
Continued good function and comfort has been 
reported for all 3 legs 13, 36, and 50 months 
postoperatively, respectively. 


Case HISTORIES 


The following are brief descriptions of the 
{4 extremities that form the basis of this re- 
port. All skin temperature studies were per- 
formed in a controlled cold room as described 
in the body of this paper. 


Extremity 1. J. H., a 48 year old male. Diabetes 
tiree years, severe intermittent claudication, and 
rst pain. Pulseless left leg, except for weak femoral. 
Marked postural color change. Maximum toe tem- 
perature after nerve block, 29.3 C. Left lumbar 
ginglionectomy 1934. Follow-up 47 months. Marked 


relief of claudication. Some improvement in postural 
color change. Maximum toe temperature 34.1 C. 
44 months postoperatively. Died 106 months; myo- 
cardial infarction. 

Extremity 2. Same patient as extremity 1. Moder- 
ate claudication in right leg one and one-half years. 
No pulse except for subnormal femoral. Severe 
postural color changes. Maximum toe temperature 
31.7 C. Right lumbar ganglionectomy 1934. No 
claudication after 46 months, some improvement in 
postural color changes. Maximum toe temperature 
34.4 C. at 43 months. 

Extremity 3. J. L., a 55 year old male. Severe 
claudication for five years, recent severe rest pain. 
No pulses except for subnormal femoral. Moderate 
postural color changes and trophic changes of nails. 
Ulcer at tip of malleolus. Maximum toe temperature 
after nerve block 31.6 C. Right lumbar ganglionee- 
tomy 1935. Follow-up 153 months. Claudication 
not changed, but rest pain completely relieved. 
Postural color changes unimproved. Maximum toe 
temperature 30.6 C. after 123 years. Patient had 
recurrence of small ulcers eight years postoperatively 
with rapid healing. Unsympathectomized left leg 
showed progressively disabling occlusive disease. 
Right leg maintained improved status through com- 
plete follow-up period. 

Extremity 4. H. E., a 51 year old male. Diabetes 
in poor control for four years. Myocardial infarction 
in 1934. Severe intermittent claudication for two 
years with severe rest pain and numbness in more 
recent months. Normal popliteal and femoral pulses, 
moderate postural color changes. Maximum toe 
temperature after nerve block 32.8 C. Left lumbar 
sympathectomy, 1936. Follow-up 69 months, during 
which time claudication was unchanged, but rest 
pain and numbness much improved. Two years 
postoperatively pedal pulses reappeared, but. dis- 
appeared at three years. Maximum temperature 
around 31.0 C. for three years, and then a slow drop 
off to 26.9 C. at 67 months. Died eight years post- 
operatively; myocardial infarction. 

Extremity 5. B.S., a 66 year old male. Diabetes, 
angina pectoris, arrested pulmonary tuberculosis. 
Intermittent claudication 9 years. Weak popliteal, 
normal femoral pulse, slight color changes. Maxi- 
mum toe temperature 30.4 C. after nerve block. 
Right lumbar sympathectomy 1937. Five months 
postoperatively pedal pulses were easily felt, al- 
though subnormal. Maximum toe temperature 30.2 
C. This patient had some discomfort in early post- 
operative period, because of warmth in the foot. 

Extremity 6. Same patient as extremity 5. Claudi- 
cation in left leg for seven years. Severe in late 
months. Subnormal foot and leg pulses, moderate 
color changes. Maximum toe temperature after nerve 
block 30.2 C. Left lumbar ganglionectomy 1937. 
Follow-up responses same as in right leg. Delayed 
wound infection 11 months postoperatively. 

Extremity 7. A. H., a 60 vear old male. Mild 
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diabetes, severe intermittent claudication right leg 
four months, subnormal posterior tibial, popliteal, 
and femoral pulses, moderate color changes. Maxi- 
mum toe temperature after nerve block 20.2 C. 
Right lumbar sympathectomy 1939. Eight and one- 
half year follow-up, during which time all symptoms 
were relieved. Postural color changes unaffected. 
Foot pulses absent after 104 months; but maximum 
toe temperature 30.9 C. Was able to perform eight 
hours of standing guard duty without symptoms. 
Mild cerebral vascular accident 1937. 

Extremity 8. Same patient as extremity 7. Severe 
claudication in left leg for months. Near normal 
pulses in foot and leg. Moderate color changes. 
Maximum toe temperature after nerve block 30.1 
C. Left lumbar sympathectomy 1939. Complete 
relief for 104 months. Pulses absent at end of 
follow-up, although toe temperature 30.6 C. 

Extremity 9. R. M., a 49 year old male. Moderate 
claudication in left leg and mild numbness for 48 
months. No pulses except for subnormal femoral. 
Marked pallor of foot accompanied by pain. Maxi- 
mum toe temperature after nerve block 30.3 C. 
Left lumbar sympathectomy 1939. At end of one 
year had palpable foot pulses, unchanged claudica- 
tion, no pain or numbness. Maximum toe tempera- 
ture 30.2 C. Died six years postoperatively; myo- 
cardial infarction. 

Extremity 10. Same patient as extremity 9. Paral- 
lel symptoms in right leg. Palpable posterior tibial 
pulse, although femoral subnormal. Maximum toe 
temperature after nerve block 20.9C. Right lumbar 
sympathectomy 1939. Similar responses during 12 
month follow-up. Maximum toe temperature 27.9 
C. at five months. 

Extremity 11. H. E., a 51 year old male. Poorly 
controlled diabetes for seven years; coronary arterial 
disease. Acute thrombosis of femoral artery 15 
months preoperatively. Acute thrombosis of pop- 
liteal artery two months preoperatively. Pain in 
foot partly relieved by conservative treatment; 
claudication not affected. Claudication, pain and 
numbness severe at time of first examination. No 
pulses except subnormal femoral. Moderate postural 
color changes. Maximum toe temperature after 
nerve block 30 C. Right lumbar ganglionectomy 
1939. Claudication at first completely relieved, but 
severe at two years. Rest pain much improved, 
color changes unaffected. Maximum toe temperature 
above 31 C. during first vear, but 28.9 C. at 33 
months. Temperature drop at two years associated 
with another episode of femoral artery thrombosis; 
rapid recovery. Died 62 months postoperatively; 
myocardial infarction. 

Extremity 12. G. M., a 63 year old female. Claudi- 
cation, rest pain and numbness for 5 years. All 
severe at time of first examination. No pedal pulses, 
normal femoral and popliteal pulses. Some elevation 
pallor. Maximum toe temperature after nerve block 
29.9 C. Acute popliteal arterial occlusion. Left 


lumbar sympathectomy 1940. Patient had severe 
femoral thrombophlebitis postoperatively, which 
prevented evaluation of claudication and rest pain. 
Postural color changes became worse, but dorsa!is 
pedis pulse appeared and remained up to three aid 
one-half years postoperatively. During second yevr, 
gangrenous area on fourth toe appeared and heal:d 
in eight weeks. Died of cerebrovascular accide it 
four years postoperatively. 

Extremity 13. G. H., a 51 year old male. Diabet«s, 
hypertension, general arteriosclerosis. Extensive ¢: |- 
luses on feet. No symptoms except for gangreno is 
ulcer on third toe. Maximum toe temperature after 
nerve block 28.1 C. Left lumbar sympathectomy, 
1941. Postoperatively, ulcer healed progressive.y 
but recurred with osteomyelitis. Healed again after 
debridement. Uleer of great toe two and one-h:lf 
years postoperatively after burn. Healed promptly. 
Successful extensive osteotomy of tarsus three years 
postoperatively. Amputation of second toe for re- 
currence of ulcer three and one-half years post- 
operatively. Worked full time as janitor six years 
postoperatively, with normal pedal pulses and maxi- 
mum toe temperature, 28.8 C. 

Extremity 14. Same patient as extremity 13. Right 
leg. Chief difficulty was recurrent ulcers of toes and 
heels under calluses. Maximum toe temperature 
after nerve block 22.7 C. Right lumbar sympa- 
thectomy 1941. Ulcers healed promptly and remained 
so during six year follow-up. No change in patchy 
analgesia of foot. Maximum toe temperature 31.2 C, 
six years postoperatively. 

Extremity 15. H. P., a 56 year old male. Moderate 
claudication, mild rest pain, and numbness for one 
year. No pedal pulse, normal popliteal and femoral 
pulses, slight postural color changes. Maximum toe 
temperature after nerve block 30.1 C. Right lumbar 
sympathectomy 1942. Increased claudication during 
two and one-half year follow-up. Severe at end of 
follow-up period. However, patient successfully op- 
erates a power machine, using right leg for six 
hours daily, without pain. Pedal pulses appeared and 
remained postoperatively. Maximum toe tempera- 
ture 30.5 C. postoperatively. 

Extremity 16. A. M.,a 42 year old male. Moderate 
claudication, moderate rest pain one year. No pulses 
distal to diminished femoral. Moderate postural 
color change. At time of operation, small ulcer on 
fourth toe. Maximum toe temperature after nerve 
block 30.4 C. This patient had been discharged from 
the army because of leg cramps. Right lumbar 
sympathectomy 1942. Ulcer healed promptly post- 
operatively. Worked full time as a street car operator 
throughout follow-up period. Maximum toe tem- 
perature 31.4 C. 

Extremity 17. Same patient as extremity 16. Simi 
lar but milder symptoms for six months. Lef' 
lumbar sympathectomy 1942. Pedal pulses increased 
to near normal, with maximum toe temperature cf 
30.9 C. 45 months nostoperatively. This patien 
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hid only L-3 ganglion removed and had continued 
s\veating of upper two-thirds of extremity. 

Extremity 18. J. T., a 53 year old male. Moderate 
claudication for eight years. No pedal pulses, dimin- 
ised femoral and popliteal pulses, moderate postural 
color changes, diabetes. Maximum toe temperature 
alter nerve block 29.7 C. Right lumbar sympathec- 
t(my 1943. Claudication somewhat improved. Pa- 
tient died five months postoperatively; coronary 
t] rombosis. 

Extremity 19. Same patient as extremity 18. Same 
symptoms and findings as right. Maximum toe 
temperature after nerve block 30.4 C. Left lumbar 
sympathectomy 1943. Similar results. 

Extremity 20. T. A., a 52 year old male. Moderate 
hypertension and heart disease. Moderate inter- 
mittent claudication for one year with recurrent 
severe rest pain. No pulses distal to femoral. Slight 
postural color changes. Maximum toe temperature 
alter nerve block 20.5 C. Right lumbar sympa- 
theetomy 1943. Thirty-three months postoperatively 
he had no pain or claudication. Pedal pulses re- 
appeared although not normal. Maximum toe tem- 
perature 28.6 C, 

Extremity 21. 57 year old male. Sudden onset of 
symptoms of severe claudication, numbness and 
mild rest pain three months before treatment, sug- 
gestive of popliteal artery thrombosis. No pulse 
distal to femoral. Advanced postural color changes. 
Maximum toe temperature after nerve. block 28.2 
C. Left lumbar sympathectomy 1934. Claudication 
improved, pain relieved for two and one-half years 
postoperatively, during which time posterior tibial 
pulse returned to normal. Patient died 35 months 
postoperatively; myocardial infarction. 

Extremity 22. Same patient as extremity 21. Mod- 
erate claudication and moderate numbness one year. 
Weak dorsalis pedis pulse; marked elevation pallor. 
Maximum toe temperature after nerve block 31.6 C. 
Right lumbar sympathectomy 1934. Five months 
follow-up. 

Extremity 23. S. B., a 54 year old female. Diabetes 
observed for six years before operation. Progressive 
diminution of pedal pulses noted, until posterior 
tibial absent and dorsalis pedis weak. Postural color 
changes moderate. Claudication moderate, but 
numbness severe. Patient had femoral thrombo- 
palebitis four years before; subsequent increased 
sweating of foot and epidermophytosis. Maximum 
toe temperature after nerve block 31.6 C. Left 
limbar sympathectomy 1944. No claudication or 
nimbness noted during four year follow-up. Pedal 
p uses returned to normal, although postural color 
cianges unaffected. Maximum toe temperature 31.3 
C. at 45 months. 

Extremity 24. C. K., a 56 year old female. Severe 
“audication for three months. No pulses distal to 
femoral, although five months before all pulses 
fund to have been normal by another examiner. 
Probable femoral artery occlusion.’ Postural color 


changes marked. Maximum toe temperature 32 C. 
Right lumbar sympathectomy 1944. Claudication 
gradually improved; absent from one and one-half 
years on. Dorsalis pedis pulse present from two 
years on. Maximum toe temperature 33.5 C. at 45 
months. 

Extremity 25. Same patient as extremity 24. Mod- 
erate claudication for three months. This patient 
has rheumatic valvulitis and hypertension. No pulses 
distal to femoral. Maximum toe temperature after 
nerve block 32.4 C. Left lumbar sympathectomy 
1944. Similar improvement during 45 months follow- 
up. Maximum toe temperature 33 C. 

Extremity 26. J. M., a 60 year old male. Diabetes. 
Left thigh amputation three years before. Edema of 
right foot two years. Weak dorsalis pedis pulse, no 
postural color changes. Maximum toe temperature 
after nerve block 30.2 C. Right lumbar sympa- 
thectomy 1944. Edemaof foot for three months, then 
lessened. Dorsalis pedis pulse returned to normal. 
During 41 months of follow-up, patient had no 
claudication, pain or numbness. Maximum toe tem- 
perature 32.4 C. at 41 months. 

Extremity 27. H. M., a male 64 years old. Mod- 
erate claudication, and severe rest pain six months. 
No pulses distal to femoral. Moderate postural color 
changes. Maximum toe temperature after nerve 
block 27.8 C. Right lumbar sympathectomy, 1945. 
Claudication improved, and rest pain completely 
relieved during four years of follow-up. Patient 
continued employment as hoisting engineer. Maxi- 
mum toe temperature 30.4 C. at 32 months. 

Extremity 28. Same patient as extremity 27. Paral- 
lel symptoms and findings. Maximum toe tempera- 
ture after nerve block 28.3 C. Left lumbar sympa- 
thectomy 1945. Similar pattern of relief. Maximum 
toe temperature 28.9 C. at 32 months. 

Extremity 29. J. J., a 64 year old male. Previous 
left thigh amputation for gangrene. Patient had 
no symptoms on right side, with normal pulses. 
Maximum toe temperature after nerve block 30.5 
C. Right lumbar sympathectomy 1945. Maximum 
toe temperature 30.5 C. at 13 months. No symptoms 
during one year follow-up. 

Extremity 30. V. P., a 57 year old male. Rapidly 
developing pain, claudication and coldness two weeks 
before operation. Suggestive of popliteal artery 
thrombosis or embolus from higher atheroma. No 
pulses below femoral, slight postural color changes. 
Left lumbar sympathectomy 1945. Continued slow 
improvement during 33 months postoperatively with 
relief of pain and numbness and 65 per cent improve- 
ment in claudication; this despite no change in 
pulses or postural color changes. Maximum toe 
temperature 26.8 C. at 33 months. 

Extremity 31. J. R., a male 52 years old. Abrupt 
onset of symptoms two weeks preoperatively. Fem- 
oral artery thrombosis in midthigh. Claudication 
moderate. No pulses below femoral, moderate—severe 
postural color changes. Right lumbar sympa- 
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thectomy 1945. Improvement during nine months 
follow-up. Foot pulses appeared postoperatively, 
postural color changes almost cleared. 

Ex:remity 32. E. M., a 62 year old male. Frost 
bite of right foot at 17, followed by cyanosis, and 
excessive calluses. Left thigh amputation for gan- 
grene two years before. Severe claudication, moder- 
ate rest pain and numbness for two months. No 
pulses below femoral. Severe postural color changes. 
Small ulcer on fifth toe and extensive plantar cal- 
luses. Maximum toe temperature after nerve block 
26.4 C. Right lumbar sympathectomy 1945. All 
symptoms relieved during four year follow-up, al- 
though postural color changes only moderately im- 
proved. Ulcer healed promptly. Maximum toe tem- 
perature rose to 34.6 C. at three years, but fell to 
27.2 C. at four years. 

Extremity 33. G. S., a 65 year old male. Severe 
claudication and severe rest pain for two years, 
during which time patient had ulcer at ankle. 
Patient was a chronic alcoholic. No pulses below 
weak femoral, advanced postural color changes. 
Maximum toe temperature after nerve block 22 C. 
Sympathectomy offered as last hope after all symp- 
toms could not be controlled. Right lumbar sympa- 
thectomy 1945. Although ulcer healed, it broke down 
within six months. Patient was not relieved of pain. 
Low thigh amputation eight months postoperatively. 
Complete obliteration of femoral and popliteal arter- 
ies found. 

Extremity 34. J. R., a 63 year old male. Pernicious 
anemia one year. Severe claudication and numbness 
during three years before operation. No pulses 
below diminished femoral; moderate elevation pal- 
lor. Maximum toe temperature after nerve block 
29.7 C. Left lumbar sympathectomy 1946. Mild 
claudication during ensuing one and one-haif years. 
Maximum toe temperature 22.4 C. at that time. 

Extremity 35. Same patient as extremity 34. Paral- 
lel symptoms and findings. Maximum toe tempera- 
ture after nerve block 27.9 C. Gangrenous ulcer of 
first toe present at time of operation. Right lumbar 
sympathectomy 1946. Ulcer healed promptly post- 
operatively with almost complete relief of claudica- 
tion one and one-half years postoperatively. Maxi- 
mum toe temperature only 21 C. 

Extremity 36. J. S., a 58 year old male. Only 
complaint severe burning pain in heel during pre- 
vious three years. No pulses distal to very weak 
femoral. Moderate postural color changes. Maximum 
toe temperature after nerve block 31.1 C. Right 
lumbar sympathectomy 1946. Complete relief of 
rest pain during ensuing 20 months, although in- 
creasingly severe claudication appeared. Surprising 
reappearance of strong posterior tibial pulse. Color 
changes improved. Maximum toe temperature 31.3 
C. at 20 months. 

Extremity 37. Same patient as extremity 36. Mod- 
erate claudication and severe rest pain for two years. 
Similar findings on right leg. Left lumbar sympa- 


thectomy 1946. Relief of pain, increase of claudication 
similar to right leg. Maximum toe temperature 
30.7 C. at 20 months. 

Extremity 38. H. W., a 50 year old male. Moderate 
claudication and occasional rest pain for five years. 
No pulses, advanced postural color changes. Ulecr 
on second and fifth toes during 10 days befoie 
operation. Maximum toe temperature after ner\e 
block 26.2 C. Right lumbar sympathectomy 1941). 
Patient followed for only three months, durin: 
which time rest pain relieved, claudication wi - 
changed. Ulcer healed. Low thigh amputation done 
elsewhere one and one-half years postoperatively 
for recurrent ulcer. 

Extremity 39. Same patient as extremity 38. Para - 
lel symptoms and findings, duration two years. 
Maximum toe temperature after nerve block 38.5 
C. Left lumbar sympathectomy 1946. Relief of 
pain and unchanged claudication during three month 
follow-up period. 

Extremity 40. G. S., a 43 year old male. Frosi- 
bitten fingers and toes in childhood. Cold sensitivity. 
Sudden onset of leg symptoms eight months before 
operation with moderate claudication and rest pain 
and numbness. No pulses distal to femoral, ad- 
vanced postural color changes. Maximum toe tem- 
perature after nerve block 30.4 C. Right lumbar 
sympathectomy 1946. Relief of rest pain and numb- 
ness, no change of claudication during three month 
follow-up. Immoderate use of alcohol and tobacco. 

Extremity 41. M. A., a 58 year old female. Dia- 
betes 15 years. Occasional mild rest pain for 10 
months. Patient had severe heavy calluses with 
recurrent ulcers for three years. Pulses diminished, 
postural color changes slight. Maximum toe tem- 
perature after nerve block 24.5 C. Left lumbar 
sympathectomy 1947. Appearance and comfort of 
foot near normal since operation. However, still has 
recurrent ulcers and calluses. Foot warm. Maximum 
toe temperature 30.8 C. 

Extremity 42. Same patient as extremity 41. Same 
findings as in left leg. Maximum toe temperature 
after nerve block 26 C. Right lumbar sympa 
thectomy 1947. No symptoms since operation, with 
no reappearance of calluses or ulcers. This foot has 
less patchy numbness than left. 

Extremity 43. M.S8., a 71 year old female. Severe 
pain and numbness in foot appeared three months 
before operation, with ulcer on heel appearing about 
two months later. No pedal pulses. Moderate pos 
tural color changes. Maximum toe temperature 
after nerve block 23 C. Right lumbar sympa 
thectomy 1947. Ulcer healing and all pain relieve: 
at end of follow-up period of three months. 

Extremity 44. Same patient as extremity 43. N: 
symptoms but atrophy and coldness apparent. Wea! 
dorsalis pedis pulse. Maximum toe temperatur 
29.3 C. No changes during postoperative observa 
tion of three months. 
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SUMMARY 


Lumbar sympathectomy has been employed 
ii) the treatment of arteriosclerotic vascular 
i sufficiency of 44 lower extremities, and its 
elfects have been assessed during the 14 years 
0: this study. There has been significant im- 
povement in the symptoms and the signs of 
ihe disease, far exceeding the original expecta- 
tions. The changes in the criteria for selection 
oi suitable cases for sympathectomy that have 
come about during the last decade are discussed. 
The rationale for the procedure is based on 
sound physiologic principles. 


CONCLUSIONS 


Lumbar sympathectomy is recommended as 

a therapy of proved worth for many cases of 

arteriosclerosis of the legs. It is suggested by 

the data contained in this paper that in time 
it may become the method of choice in most 
cases. 
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Evaluation of Anticoagulant Therapy in 
Congestive Heart Failure 


By Davin C. Levinson, M.D., AND GreorGe C. Grirritu, M.D. 
with the technical assistance of Mary F. Troutman, B.A. 


A one year study evaluating anticoagulant drugs as an adjunct in the management of congestive 
heart failure has been carried out on 300 patients. Depo-Heparin and dicumarol were the drugs 
employed. The effect of anticoagulant therapy upon the incidence of thromboembolic complica- 


tions and mortality has been studied 


HE PURPOSE of this paper is to evalu- 

ate the influence of anticoagulant ther- 

apy on the incidence of thromboembolic 
complications and mortality in patients with 
congestive heart failure. The fact that patients 
with congestive heart failure are prone to de- 
velop thromboembolic complications is well 
known. Kinsey and White! found pulmonary 
infarction to be present in 24 of 50 autopsied 
cases of congestive heart failure. In 1947, Car- 
lotti, Hardy, Linton and White? noted that of 
273 patients with pulmonary infarcts, the ad- 
mitting diagnosis was congestive heart failure 
in 104. 

In 1948, Anderson and Hull reported the use 
of dicumarol in 61 of 142 patients with conges- 
tive heart failure. Thromboembolic complica- 
tions occurred in 15 per cent of the untreated 
group and in only 8 per cent of the patients 
treated with dicumarol. In 1948, Wishart and 
Chapman‘ described the action of dicumarol 
therapy in 61 patients with congestive heart 
failure. A comparable control group was not 
observed. The mortality in this series was 32.8 
per cent and the incidence of thromboembolic 
phenomena during therapy was 6.5 per cent. 


From the School of Medicine, Department of 
Medicine (Cardiology), University of Southern Cali- 
fornia, and the Los Angeles County Hospital, Los 
Angeles, Calif. 

During the course of the work one of us (D. C. L.) 
was a Trainee, National Heart Institute, Bethesda, 
Md. 

This study was aided by grants from the Los 
Angeles Heart Association and the Upjohn Company, 
Kalamazoo, Mich. 

The Depo-Heparin used in this study was gener- 
ously supplied by the Upjoin Company, Kalamazoo, 
Mich. 


The expected incidence of thromboembol 
phenomena was reported to be 22 per cent. 

Early in 1950, Harvey and Finch® reports 
a study of dicumarol therapy in 80 of 180 p: 
tients with congestive heart failure; 100 sim 
lar patients did not receive anticoagulant trea‘ - 
ment. Fatal thromboembolic complications, 
proved by autopsy, were found in 9 of the 100 
control patients and in none of the dicumarol- 
treated group. The mortality was 17 per cent 
in the control group and only 9 per cent in the 
group receiving dicumarol. Recently, Anderson 
and Hull,® in a progress report, described 297 
patients with congestive heart failure, of whom 
147 received dicumarol. The mortality was 13.3 
per cent in the control group, and 7.5 per cent 
in the group treated with dicumarol. 


MertTHop oF Stupy 


During a 12 month period (July 1949 to July 
1950) a study was made of the action of anticoagu 
lant therapy in 300 patients with congestive heart 
failure. Shortly after admission to the medical wards 
of the Los Angeles County Hospital, all patients 
with congestive heart failure were seen by one of 
the authors. Initially, it was established that the 
patient had frank congestive heart failure. Only 
patients with both right and left heart failure 
(cardiac enlargement, basal rales, elevated venous 
pressure, hepatomegaly, and edema) were included. 
Patients with only left heart failure, acute or recent 
myocardial infarction, renal disease, diabetes an 
other major complicating illnesses were excluded. 

Patients qualifying for the study were alternatel: 
placed in one of three groups. Patients in the firs 
group were used as a control series and did no 
receive anticoagulant therapy. Patients in the secon 
group received dicumarol and those in the thir 
group, Depo-Heparin. This procedure was adhere: 
to as rigidly as possible. The work-up and routin 
therapy of these patients was managed by _ thx 
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dical residents and house staff. The dosage and 
ivation of anticoagulant therapy was determined 
the authors. Control prothrombin and coagula- 
1 times were performed within 24 hours after 
pital admission. Daily prothrombin determina- 
is were made according to the method of Quick. 
igulation times were determined by a four tube 
hnic, following the Lee-White method. Anti- 
igulant therapy was started within 24 hours after 
‘spital admission. It was continued until con- 
tive heart failure was no longer present, the 
tient was ambulant, and soon to be discharged. 
Dicumarol was administered in a dosage calcu- 
«ed to keep the prothrombin time between 10 and 
30 per cent. Depo-Heparin sodium without vas- 
ovonstrictors was given in a dosage calculated to 
keep the coagulation time between 30 and 60 min- 
utes. It was found that 200 mg. of this type of 
Depo-Heparin given every 20 hours resulted in the 
most satisfactory prolongation of the coagulation 
time. This dosage was adjusted for those patients 
who were excessively over- or underweight. 


TABLE 1.—Age Distribution 


Control (Group 
1) (No. of 
Patients) 


Dicumarol Depo-Heparin 
(Group 2) (No. | (Group 3) (No. 
of Patients) of Patients) 


Age (Years) 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-89 
Total 


COMPARISON OF GROUPS OF PATIENTS 


The age distribution in the three groups has 
heen tabulated (table 1). 


In all three groups the largest number of 
patients were in the seventh decade, followed 
ry the sixth, eighth and fifth decades. In re- 
pect to age distribution, the groups appear 
omparable. 

Sex and Race. The distribution between the 
wo sexes, and between the white and Negro 
aces was compiled and found to be similar in 
he three groups. 

Type of Heart Disease. Hypertensive, arterio- 
clerotic and rheumatic heart disease were al- 
nost the only etiologic types of heart disease 
resent in our series of patients. The distribu- 
ion of patients with these three respective 
ypes of heart disease among the three groups, 


( 


while not equal, is comparable and adequate. 
(See table 2.) 


RESULTS 


Thromboembolic Complications. In the control 
group of 100 patients, proved pulmonary in- 
farction was present in 8. Three of these sur- 
vived, all of whom had definite clinical and 
roentgenologic findings of pulmonary infare- 
tion. These 3 patients received dicumarol 
promptly and recurrences were not observed. 
In 5 of the 8 patients, the pulmonary infare- 


TABLE 2.—T ype of Heart Disease Present 


Control Dicumarol | Depo-Hepa- 


Type of Heart Disease Group Group rin Group 


Hypertensive 29 36 49 
Arteriosclerotic 25 25 24 
Rheumatic 30 37 26 
Miscellaneous 6 2 1 


Total 100 100 100 


TaBLE 3.—Necropsy Findings in Fatal Cases of the 
Control Group 


No. of 


TypelofjHeart Disease Cua 


Cause of Death at Autopsy 


Hypertensive Myoeardial Infarct 





Arteriosclerotic Myoeardial Infaret 


Congestive Failure 





Pulmonary Infaret 
Congestive Failure 
Myoeardial Infarct 


Rheumatic 





Syphilitie Pulmonary Infarct 





Total 10 


tions were fatal and were confirmed at autopsy. 
Three other patients in this group developed 
fatal acute myocardial infarcts, which were also 
confirmed at autopsy. The remaining 2 necrop- 
sied patients in the control series did not de- 
velop thromboembolic complications but were 
found to have died of congestive heart failure. 
(See table 3.) 

In addition, 2 patients in the control group 
with rheumatic heart disease had fatal out- 
comes which were considered to be the result 
of cerebral emboli. Permissions for necropsy 
in these patients were not obtained. 
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In the group treated with dicumarol, 2 pa- 
tients developed thromboembolic complica- 
tions; one, a nonfatal pulmonary infarct and 
the other, a fatal cerebral embolus. Of the 7 
patients in this group who died, autopsies were 
obtained in 2. One had rheumatic heart disease, 
and a cerebral embolus was found at autopsy. 
The other had hypertensive heart disease, and 
congestive heart failure was the only finding at 
autopsy. 


TABLE 4.—Autopsy Findings in Fatal Cases in the 
Group Receiving Depo-Heparin 


No. of 


Type of Heart Disease ee 


Cause of Death at Autopsy 


Hypertensive Cerebral hemorrhage 


Congestive failure 


Arteriosclerotic Multiple pulmonary in- 
farets 
Congestive failure 


Multiple pulmonary in- 
farcts 
Congestive failure 


Rheumatic 


TaB_eE 5.—Fatal Thromboembolic Complications 
Proved at Necropsy 


Fatal 
Thrombo 
Deaths Autopsies embolic- 
Compili- 
cations 


Control 
Dicumarol 
Depo-Heparin 


*Both patients developed multiple pulmonary 
infarets prior to the use of Depo-Heparin. 


Six autopsies were performed in the 9 fatal 
cases in the group treated with Depo-Heparin. 
Two of these patients developed multiple pul- 
monary infarcts prior to the onset of Depo- 
Heparin therapy. At autopsy, in these 2 pa- 
tients, it was felt that some of the infarcts had 
developed after administration of Depo-Hepa- 
rin had been begun. Three patients showed no 
thromboembolic complications at necropsy; 
death resulted from congestive heart failure. 
The patient who died of a cerebral hemorrhage 
during Depo-Heparin therapy had no other 
evidence of hemorrhage at autopsy. Shortly 
before death his coagulation time was 36 min- 


CONGESTIVE HEART FAILURE 


utes. The autopsy findings and type of heart 
disease in the group receiving Depo-Heparin 
is tabulated in table 4. 

The fatal thromboembolic complications 
proved at autopsy have been tabulated in tab!e 
5. Eight patients in the control group had fat:| 
embolic complications, while only one patient in 
the group receiving dicumarol and 2 patients i1 
the group receiving Depo-Heparin develope | 
such complications. 


DIscUSSION 


The incidence of fatal thromboembolic com- 
plications in our series has been compare: 
with the incidence in the series reported by 
Harvey and Finch® and Anderson and Hull‘ 
It is obvious that the results in our series and in 
the series of Harvey and Finch are comparable 


TaBLE 6.—Comparison of Deaths in Treated and 
Untreated Patients 


Griffith and |Harvey and, Anderson 
Group Levinson | Finch (per | and Hull 
(per cent) cent) (per cent 


Control 18 17 13.3 
Dicumarol 7 9 7.5 
Depo-Heparin 9 — 


since in the two series there were respectively 8 
and 9 fatal thromboembolic complications per 
100 patients. In the series of Anderson and 
Hull, 7 out of 147 patients had fatal thrombo- 
emboli. This difference is most likely due to the 
decreased incidence of rheumatic heart disease 
among their patients as compared with those 
in the other two groups. 

The mortality in the control group was 18 
per cent, in contrast to 7 per cent in the group 
treated with dicumarol and 9 per cent in the 
group receiving Depo-Heparin (table 5). Thus 
the mortality among the untreated patients 
was twice that in either of the groups receiving 
anticoagulants. The reduction in mortality is 
due in large part to the reduction of fatal 
thromboembolic accidents in the patients who 
received anticoagulant therapy (table 5). 

When our results are compared with those 
of Harvey and Finch, and Anderson and Hull 
(table 6), the results are strikingly similar. Ap- 
proximately a 50 per cent reduction of mor- 
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t lity was achieved in all three studies by the 
use of anticoagulants. This reduced mortality 
»ppeared to be the result of the lowered inci- 
cence of thromboembolic complications. In our 
series patients with rheumatic heart disease 
vere particularly benefited by anticoagulant 
therapy. 

Age distribution and mortality were corre- 
lited, and it was found that the greatest reduc- 
ion in mortality was in the seventh decade 
here 10 deaths occurred in the untreated 
croup. Among patients in the same decade 
ho were treated with dicumarol and Depo- 
ileparin, there were one and two deaths respec- 
tively. However, the number of patients in the 
seventh decade in the two groups which re- 
ceived anticoagulant therapy was less than the 
number in the control group which received this 
therapy. 

An attempt to correlate type of heart disease 
und mortality showed that the greatest number 
of deaths in the control group occurred in pa- 
tients with rheumatic heart disease. An incidence 
of nine deaths among patients with rheumatic 
disease in the control group was’ reduced to 
one and 2 deaths respectively in the groups 
treated with dicumarol and Depo-Heparin. 

Complications of Anticoagulant Therapy. 
There were 4 instances of bleeding among the 
100 patients treated with dicumarol; epistaxis 
in 2, hematuria in one and melena in one. In 
all of these, temporary interruption of therapy 
resulted in a correction of the complication. 

Hemorrhagic complications were found in 5 of 
the group receiving Depo-Heparin. There were 
2 instances of ecchymoses, one of hematoma 
at the site of injection, one of epistaxis. In 2 
of these patients the Depo-Heparin was given 
at 12 hour intervals instead of 20 hour inter- 
vals as ordered. The fifth patient, previously 
referred to, developed a fatal cerebral hemor- 
rhage. The coagulation time in this patient 
was 36 minutes shortly before death; at autopsy 
no other evidence of hemorrhage was present. 


SUMMARY 


1. Three hundred patients have been studied; 
100 constituted a control series, 100 received 
dicumarol and the remaining 100 received 
Depo-Heparin. 

2. The incidence of fatal thromboembolic 
complications, proved by autopsy, was 8 per 
cent in the control group, 1 per cent in the 
group which received dicumarol, and 2 per 
cent in the group to which Depo-Heparin was 
administered. 

3. The mortality was 18 per cent in the con- 
trol group, 7 per cent in the group given dicu- 
marol and 9 per cent in the group given Depo- 
Heparin. 

4. It appears from this study that both di- 
cumarol and Depo-Heparin are significantly 
effective in reducing thromboembolic compli- 
cations and mortality in patients with conges- 
tive heart failure. 
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The Unipolar Precordial and Extremity 
Klectrocardiogram in Normal Infants 


and Children 


By Mariano M. AtiwurunG, M.D., Lester G. JosepnH, M.D., ALEXANDER 8. Napas, M.D., 
AND Benepict F. Masse.u, M.D. 





Information regarding the normal unipolar electrocardiogram in the young ages is very limited. 
This study furnishes data obtained from 521 normal infants and children from birth to 13 years, 
using the V chest leads and the aV limb leads. Four age groups were noted in the evolution of the 
newborn pattern into the adult pattern as mainly reflected by the configuration of the QRS com- 
plex in V;. Detailed analyses of the rest of the unipolar electrocardiogram disclosed other distinctive 
features both in wave patterns and voltages which differ significantly not only from adult find- 
ings but also among the various age groups noted. 








N 1908 Nicolai and Funaro! recorded the The only report in which age grouping was 











first electrocardiograms in children. Since derived from the actual electrocardiographic 

then, several studies in normal infants and observations is that of Battro and Mendy.” 
children, mostly limited to the standard limb This study was, however, limited to the uni- 
leads have been published.*~* Observations have polar chest leads and was based on only 50) 
been reported on various special features of the children. These authors noted three main age 
normal bipolar electrocardiogram in child- groups; namely, group A (0 to 2 years), group 
hood,*-'® such as those on rate and rhythm, B (83 to 5 years), and group C (6 to 10 years). 
axis deviation, the lead IV pattern, and the It can be said, therefore, that there is little 


T waves in the chest leads. known about the unipolar patterns and values 







With the advent of unipolar technic it be- in the young ages and even less about their 
came imperative to reanalyze the electrocardio- progression into the adult type of electrocardio- 
gram in normal infants and children with the gram. The present study was undertaken to 
use of unipolar leads. The negative T waves in clarify these problems. 





the unipolar precordial leads in normal children 
have been investigated by various workers.'*-" . ae 
Others studied various aspects of the unipolar : Five hundred twenty-one infants and children, 
from birth to 13 years inclusive, were studied. They 
were seen at the Boston Lying-In Hospital, the 
Department of Child and Maternal Welfare of the 








CLINICAL MATERIAL AND METHOD 


electrocardiogram but confined their observa- 
tions to newborn infants.'-'® Recently pub- 








lished studies**-** cover all ages in infancy and Harvard School of Public Health, and the Chil- 
childhood but are based ona limited number of dren’s Hospital of Boston. Their cardiovascular 
‘ases. The data in these reports were analyzed status was presumed to be normal on the basis of 


their good general appearance and development, 
negative histories, and normal physical findings. 

The three standard limb leads, the three aug- 
mented unipolar limb leads, following Goldberger’s 
— —. technic”! (using 5,000 ohms resistance), and Wilson’s 


on the basis of age groups determined empiri- 
‘ally rather than from the results of the electro- 
-ardiographic findings. 

















From the Children’s Hospital and House of the precordial leads”® (V; to Vs) were recorded mostly 
Good Samaritan, Children’s Medical Center, and with the direct-writing Sanborn Viso-Cardiette. The 
the Department of Pediatrics, Harvard Medical difficulty of getting a good V3 in newborn infants 
School, Boston, Mass. without encroaching on either V2 or V4 made us 

This study was supported in part by a Research exclude the analysis of this lead in the present study. 
Grant from the Helen Hay Whitney Foundation. One A magnifying lens or a special reflectoscope was 
of the authors (M. M. A.) was aided by a Fellowship often used. The latter was a device to project the 
from Santo Tomas University, Manila, Philippines. electrocardiogram at least ten times its actual size 
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TABLE 1.—QRS Patterns in V, 


NADAS AND MASSELL 


Group I: 0-9 Mos. 
100 Cases 


Group III: 3-5 Yrs. 


R 
Rs 
R >: 
R=S: 


R< 8: 


rs 


: 2 
=9 (7907 
? (72%) 


-) 
17 } 
0 


‘ 


4 


Group II: 10 Mos.-2 Yrs. 


R 
Rs 
R 
R 
R 
rs 


Age 
Group 
Mean 


Vi 
V2 
Vi 
Vs 
Ve 


13 | 
| 
04 


98 Cases 


0) 

: 3076 (77%) 
S : 46} 
5: 0 
S : 16 
6 


Q Wave 


Max. 


(89 (89%) 


90% 


2 
2 
2 


R 
Rs 
|: > a > 
R=s: 
R< 8: 
rs 


R Wave 
Mean | 10% 
10.: 
15.6 
16. 
13. 


wo 


10 
11 
8.25 


40 
28 


sr 


4.6 
9. 
18. 
19 
13.9 oO 


oS 


14 2 
21.é 5 
37 11 
37 13 
33 8.5 


~“J 


_ 


= 137 


<a 
: 13 
10 
12 
46 
: 43 


89 (72%) 


124 Cases 


| 


| 


+101 (81. 


Group IV: 6-13 Yrs. 
199 Cases 


0 
3 
2 

15 

42) 


TaBLe 2.—QRS Voltages in the Chest Leads 


90% 


17 
23 
24 
23 
16 


13 
23 
26 
21 
15 


11 
19 
28 
25 
19 


9 
14. 
49 
26 


20 


Mean 


4.95 
10.5 
11.: 

5. 


3.1% 


6.9% 
14.7 


2.76 
0.9 


179 (89.95% | 


194 (97.5%) 


S Wave 


Min. Max. 10% 


0 23 
0.25 | 28 


25 
15 


11 


enwn dy 
Ow 


> Or or 


on 
S 


27 
35 
24 


0 14 
0 8 





Note: 10% column indicates voltage in 10 per cent 
voltage in 90 per cent of cases above the minimum. 


mto a white paper, thus facilitating the study and 
neasurement of individual waves. 

Only the data on the unipolar leads will be 
resented here. The analysis of the standard bipolar 
imb leads, which deals more with the rate and 
‘hythm, electrical axis, and the measurement of the 
various intervals, is being published separately.*®:?7 


of cases above the minimum, and 90% column indicates 


RESULTS 
Unipolar Precordial Leads 
The QRS Complex. While in the adult the 


QRS in V; shows a dominant 8 wave,” in the 
infant the R wave was as a rule the dominant 
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deflection in this lead. It was on the basis of 
this finding that our data were subsequently 


TABLE 3.—7’ Waves in the Chest Leads 


Patterns 
Age 
Group 


Upright Diphasic 


0% 7% 93% 


5% 15% 80% 
52% : 38% 
93% 1% 
99% %, 0% 


0% 2% 98% 


2.2% 5. 92.7% 


2% 18.3% 


75.2% 
98% 
100% 


0% 
9% 


86. 


3. 
42.7% 
94% 

100% 
100% 


TaBLeE 4.—QRS Patterns in aVz 


Pattern Group I* Group IT Group III Group IV 


R 

qR 

QR 

rSR’ 

rsR’ 

QS 

Qr 28 |. 27 \ 08 yo; 26\ 95, 38 
rs 2| 2 2| 34| 
rSr’ 2) 69) 74 114) 


97.5% 


* (1) R or R’ were seen only under 2 months of 

age. 

(2) R or qR pattern was limited to under 1 
month. 

(3) Mean value for R or R’: 4.45 mm. 

(4) Voltage range for R or R’: 2.5 to 11 mm. 

(5) Maximum R voltage of 11 mm. was with 
QR pattern. 


analyzed. Table 1 shows the four age groups 
that resulted from this analysis and that were 
later utilized in the rest of the study. 


Negative 


Group I (birth to 9 months) showed a domi- 


nant R in 72 per cent, this being an Rs pattern 


Voltages 


Min. Max. 


—5.0 Diph. 
—6.0 +3.5 
—4.0 +7.5 
—1.5 +6.5 
Diph. +6.0 


—6.5 Diph. 
—d. +3.5 
—7. +9.0 
—3. +7.0 
—().2! +5.0 


| 
oe 


— b> bo 


—6.0 Diph. 
—6.0 +4.0 
—5.5 +10.5 
Diph. +10.0 
3.81 —0.5 +7.5 


2.36 —5.7 +3. 

AT —5.7: +7.é —3. 
4.66 —3. +12. +1.7 
.97 +0.5 +12. +2. 
3.63 +0.% +9. +2. 


TaBLE 5.—Electrocardiographic Positions 


Position* Group I Group II | Group III | Group IV 


Vertical 45) _ dt eg 
Semivertical 29/4 : 26/°° . 
Intermediate 12 24 

Semihorizontal 5 
Horizontal 0 


Indeterminate 9 3 


14\ ._. 
3f 10% 


* Based upon criteria described by Wilson and 
associates, and in a few instances also on Goldber 
ger’s criteria. 


in 70 per cent and an R alone in 2 per cent. 
Seventeen others in this group showed a di 
phasic RS but the R still had a greater height 
than the depth of the 8. In group II (10 months 
to 2 years), the amplitude of R remained greate: 
than S in 77 per cent, the pattern now being 
more often a diphasic RS with R greater than & 
in 46 cases and only 30 showing an essentially 
Rs pattern. In group III (8 to 5 years), the 
R and § relationship began to reverse itseli 
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ith S now having a greater amplitude than 
. in 72 per cent. If 12 other cases with equi- 
»hasic R and §S waves are included, a total of 

1 cases or 81.4 per cent showed a prominent 

in this group. Finally, in group IV (6 to 13 
ears), the V; pattern was identical with the 
‘ormal adult pattern with a dominant 8 in 
9.95 per cent. If 15 cases with equiphasic RS 
ve included, the incidence of a prominent S in 
nis group would be 97.5 per cent. 

In no instance was a Q seen in Vj, even in 
‘hose eases with a dominant R in this lead. 
in 23 per cent of cases in group I a Q wave was 
iot observed in any of the chest leads; while 
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such tracings were still over or close to the 
transition zone. For this reason both the 10 
percentile and 90 percentile voltages were also 
determined and tabulated. 

Further analysis of the R/S progression from 
Vi to Ve revealed that complete reversal of 
the adult type of R/S progression was limited 
to infants under 1 month of age, this reversal 
occurring in 50 per cent of cases. In such in- 
stances V, showed either an rS or qrS pattern 
with average values of 1.3 mm. for R and 4.45 
mm. for S. In the rest of the series the left 
precordial leads always revealed a dominant 
R wave. 


TaBLe 6.—QRS Voltages in aV Leads 


Q Wave 
aV 

Lead | 

| Mean | 


Age 
(rroup 7 
| | 10% | 


Min. Max. 


| 267 | 
| 0.09 | 
1.5 | 


12 
2 
5 


0 
0 
0 


aVr 
| aVi 
aVr 


3.76 | 
34 | 


| aVr } 2.08 | 
aVi | 0.28 
aVr | 


0 
13 | 
.68 


aVr 
aVi 
aVr 


53 | 
| 3.34 | 
5 |10 
aVr | 1.45 | 
aVy | 0.22 | 
aVr | 0.54 | 


| 1.3 


| 2.68 | 
.d \10 








in 25 per cent a Q was encountered only in V¢. 
In groups II to IV a Q wave was often seen 
in V4 to Ve (15 to 20 per cent) and almost 
always in Vs; to Ve (68 to 75 per cent); whereas 
very few (6.5 to 8 per cent) showed a Q wave 
in Vg alone. 

Table 2 gives the Q, R, and 8 voltages in 
the chest leads. The wide range between mini- 
mum and maximum voltages is readily evident. 
The mean values for R in leads V; and V> gradu- 
ally diminished from group I to group IV 
while the same values in V; and V¢ progressively 
increased. Conversely the mean values for S 
increased from group I to group IV in V, 
and V2 as they simultaneously decreased in 
V; and Vz. The extreme voltages were in cases 
with diphasic RS, which would indicate that 


| Min. 


0.25 
0.25 
1.5 


| 0 


| 1.5 


0 
0.25 


| 1.25 


0 
0.2 
1.5 


5 | 


R Wave S Wave 


Max. 10% Mean | Min. | Max. 10% 


11 : 17 
| 10 
20 








The T Wave. Table 3 shows the T wave nega- 
tive or diphasic in all cases except for 7 children 
in the oldest age group. On the other hand, a 
negative T in Ve was never encountered. In 
group I the T wave was frequently negative 
or diphasic from V, to V4. The older age groups 
all had upright T waves in Vs; and only a few 
showed a negative or diphasic T in Vy. In its 
progression from V; to V¢ a negative or diphasic 
T in any lead never became more upright in 
the lead or leads to its right. Conversely a 
negative T in V, never became more negative 
in leads to its left except in V2. 

The P Wave. There is no significant differ- 
ence either in pattern or in voltage of the P 
among the four age groups. It was either di- 
phasie or upright in V, and V2 and as a rule 
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upright in V4, Vs; and Vs. The voltage of the 
P waves was greatest in V. (—0.5 to +2 mm.) 
whereas the smaller voltages were in V; and 
Ve (+0.25 to +1.25 mm.). 


Unipolar Limb Leads 


The QRS Complex. A prominent R or R’ in 
aV, occurred in 28 per cent of cases in group I 
(table 4) and within this group was confined to 
infants under 2 months of age. Moreover, the 
12 cases with an R or qR pattern in this lead 
were all under 1 month of age. The mean value 
for R or R’ was 4.45 mm. with a range of 2.5 
to 11 mm., the latter measurement being ob- 


TABLE 7.—T Waves in aV Leads 


as Patterns 
‘ge aV Lead 


Upright Diphasic Negative Minimum Maximum 


Voltages 
Group 


I | aVr | 0% 0% 100°; —4.5 —0.5 
aV, 82% 14% 4% —0.75 (+3.0 
aVr 98% 1% 1% —0.25 (+5.5 






aVr 0% 0% 100% —4.5 —0.5 
aVz 91.9% 7.1% 1% —0.5  +8.25 
aVr 99% 1% 0%; Diph.  +3.75 
III | aVr | 0% 0% 100°; —6.0 —0.5 
aVz, 91.5%) 8.87% 0.08% —1.0 +3.5 
aVr 96.8%| 3.2% 0% Diph. +5.0 
IV aVr 0% 0°; 100°; —5.5 —0.25 


aVzi 98.8% 0.7% 0.5% 
aVr 95.5% 4% 


—1.25 | +3.5 
0.5% —3.0 +5.0 





served in a case with a QR pattern. In the 
other three age groups a prominent R or R’ 
in aV,! occurred rarely and only in association 
with a QR pattern. In these age groups a 
prominent S$ was seen in over 95 per cent, the 
usual pattern being an rSr’. 

The QRS patterns in aV;, and aV,y are 
summarized in table 5, which also indicates 
the various electrocardiographic positions. The 
latter were determined in accordance with the 
method of Wilson and his associates.* In a 
few cases, particularly in group I, the position 
was partly determined on the basis of Gold- 
berger’s criteria.*° Horizontal position never 
occurred in group I and occurred only rarely 
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in other groups. Instead, in most instances 
the electrocardiographic position was either ver- 
tical or semivertical. These findings explain 
in great part the extreme rarity of left ax’s 
deviation®® as well as the frequency of rig! 
axis deviation in childhood. 

Table 6 presents the QRS voltages in the un:- 
polar limb leads. In group I the maximwa 
value of 11 mm. in aVar, almost double tle 
voltage of 90 per cent of cases in this grou) 
was observed in an isolated case with a Q 
pattern. In general the values for R in al, 
were greater in the younger age groups. No 


— 


+25 





aon R-S IN V, FROM BIRTH TO | YEAR 


















R-S IN V, IN MM 
°o 





MIDOLE CURVE « MEAN R-S IN V, 
- 154 SHADED AREA «90% OF CASES 


- 204 
-25 7™ —— + —— 
° ‘ 2 3 a 5 6 7 8 9 10 " 
AGE IN MONTHS 





Fic. 1. Distribution chart of the algebraic sum 
of the R and 8 waves in V, during the first year of life. 
Middle curve is mean curve constructed by inspection 
from the average points representing each month. 
Shaded area includes 90 per cent of all cases in this 
age span. The dominance of the R wave is clearly 
shown by the positivity of the algebraic sums. 


striking differences among the four groups were 
seen in the QRS voltages in aV, and aVy. 

The T Wave. In table 7 data on the T wave 
in the aV leads are tabulated. In no case was 
an upright or even a diphasic T seen in aVp. 
In aVy and aV;y the T was occasionally in- 
verted or diphasic. 

The P Wave. The P wave was always nega- 
tive in aVx, and, with rare exceptions, upright 
in aVy. In aVy diphasic P waves were noted 
in from 20 to 27 per cent in the various age 
groups although very few showed inverted P 
waves. P wave voltage varied from 0.25 to 
2.0 mm. 
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R-S IN V, FROM BIRTH TO I3 YEARS 


R-S IN V, IN MM 


MIDDLE CURVE * MEAN R-S IN V, 
SHADED AREA + 90% OF CASES 


AGE IN YEARS 


Fig. 2. R/S distribution chart in the entire series from birth to 13 years inclusive. Figure 1 is here 
condensed in the early part of this chart which thus shows in a more striking way the change in R/S 
relationship during the first year. This continues in the remaining years of childhood in a more 
gradual manner until it assumes the adult relationship of a dominant S wave in Vi, thus giving a 
negative algebraic sum. 


Fia. 3. Illustrative electrocardiograms in group I. Top left is a record of a 5 day old infant show- 
ing essentially an R complex in V;, prominent S in Vz, negative T in Vi through V4, a qR pattern in 
aVr, and vertical position. Top right tracing is of a 2 month old girl showing Rs in V,, negative T in 
Vi and Vs, rSr’ in aVr, and vertical position. Lower left tracing is of a 5 month old girl showing a 
notched R complex in V;, Rs in Vo, negative T in V; through V,. Lower right tracing is of an 8 month 
old boy still showing a dominant R in V,; and negative T only in V; and Ve. 
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COMMENTS 

It is evident that the unipolar electrocardio- 
gram in infancy and early childhood differs 
significantly from that in late childhood and 
adult age. The most striking differences pertain 
to the QRS patterns and values in V; and 
aVp, Which in very young persons suggest right 
ventricular hypertrophy. The latter is mainly 
indicated by the dominant R or R’ in these 


7 ttt Petry 


ten** showed that the right ventricle may actu- 
ally be the larger of the two at birth. Hence 
while the adult electrocardiogram mirrors a 
physiologic left ventricular preponderance, in 
the newborn infant it reflects a relative or even 
absolute right ventricular preponderance.*® 

It is evident that, if abnormalities in the 
electrocardiogram are to be properly inter. 
preted, the norma! progression of the newborn 


Fic. 4. Illustrative electrocardiograms in groups II and III. On the left is one from group IT (15 
month old girl) showing a diphasic RS complex in V; with R of greater amplitude than 8, negative T 


only in V; and V2, r 


Sr’ in aVr and semivertical position. On the right is one from group III (5 year 


old boy) showing diphasic RS in V; but with S of greater amplitude than R, negative T in V; and 


V2, rS in aVp and semivertical position. 


Greup IV, 
8 years 


Fic. 5. Illustrative electrocardiograms in group IV from an 8 year old boy (left) and a 10} year 
old girl (right) showing characteristic features in this group. Tracing on the left illustrates the domi- 
nant patterns in this group with an rS in V; and tracing on the right shows an RS pattern in this 
lead that may sometimes normally occur in this age group. 


leads.?°: *°-*3 Moreover, in the newborn infant a 
complete reversal of the adult type of R/S 
progression across the chest was seen in 50 
per cent of instances. 

Such differences are easily explained by the 
differences in relative size and thickness be- 
tween the two ventricles in infancy as compared 
to adult age. Brock** found a weight ratio 
between the right and left ventricles of 6:7 
in the newborn against 1:2 in the adults. Pat- 


infant pattern into the adult pattern must be 
recognized. The analysis in table 1 shows not 
only the characteristics of the QRS complex in 
Vi, the lead that shows the most distinctive 
features, but also indicates at what ages these 
changes occur. It also furnishes the basis foi 
analyzing the rest of the data according to the 
four age groups derived from the V, features. 
The absence of a Q in V;, even with dominant 
R or R’. is a significant clue in delineating 
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physiologic from abnormal right ventricular 
 reponderance in young children. In right ven- 
tricular hypertrophy in adults*-® and in chil- 
cren with congenital heart anomalies producing 
rght ventricular strain, as in tetralogy of Fal- 
lot,3® a Q in V, is often encountered. Our data 
2lso show that deep Q waves are not infrequent 
over the left chest. However, as previously 
observed by others,*? deep Q waves in left 
precordial leads in children are always associ- 
ated with tall R waves. 

The QRS voltages, particularly in the chest 
leads, deserve special emphasis. Greater volt- 
uges and wider ranges of normal variations in 
umplitudes are seen in children as compared 
with adults.** These findings are undoubtedly 
due to the greater contact of the heart with 
the chest wall and to the thinness of the latter. 
Hence in interpreting criteria for ventricular 
hypertrophy in children, caution must be ob- 
served in quantitative analyses of individual 
waves as well as of mathematical combinations 
of right and left precordial deflections. 

Peculiarities in position, anatomic and elec- 
trocardiographic, must play a significant role 
in producing the other features noted in this 
study. This concept is suggested by the QRS 
patterns in the limb leads and the T wave 
patterns in the chest leads. While the QRS 
patterns in aV, and aV, reveal predominant 
vertical position, the patterns of QRS in 
uVR and of T in the chest leads, particularly in 
the early months of life, also suggest clockwise 
rotation. 

Finally, in figures 1 and 2 are graphically 
represented the progressive changes in the R 
und § relationship in V,. A definite trend of the 
:lgebraic sum of R and § in V, is shown both 
hy the mean curves as well as by the areas of 
normal distribution of 90 per cent of all cases. 
in figure 1 the relative prominence of right 
entricular activity is reflected by an algebraic 
~um of greater than 1. In figure 2 the S wave 
comes more and more dominant with the 


esult that the algebraic sum progressively in- 
reases in negativity. 

These charts furnish another guide in the 
nterpretation of infants’ and children’s uni- 
iolar electrocardiograms in addition to the 
ther features already described. That the alge- 


braic sum of these two waves is probably a 
better criterion than their individual ampli- 
tudes or their ratio is suggested by the wide 
ranges in amplitudes they normally exhibit in 
these ages. 

Figures 3 to 5 illustrate the various features 
previously described in the four age groups 
already mentioned. 


SUMMARY 


The unipolar electrocardiogram in 521 
normal infants and children, ranging from birth 
to 13 years of age, was studied with multiple 
precordial and augmented unipolar leads. 

In the progression of the unipolar electro- 
cardiogram from the newborn pattern to the 
adult pattern, four age groups were noted; 
namely, group I (birth to 9 months), group II 
(10 months to 2 years), group III (3 to 5 
years), and group IV (6 to 13 years). This 
progression was mainly reflected by the QRS 
pattern in Vi, showing initially a pattern of 
right ventricular preponderance and gradually 
evolving in late childhood into the pattern of 
left ventricular preponderance seen in the 
normal adult. 

The distinctive features of the unipolar elec- 
trocardiograms in these various age groups were 
described. In addition the voltages of the in- 
dividual waves were tabulated. Distribution 
charts based on the algebraic sum of the R and 
S waves in V, were also constructed. 

The factors responsible for these features 
were discussed. Finally, various clues that may 
be helpful in distinguishing the normal from 
the abnormal patterns in these ages were 
pointed out. 
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The Management of Cardiac Patients in 
Relation to Surgery 


By A. Cartton Ernstene, M.D. 


HE internist frequently is called upon 

by his surgical colleagues for an opinion 

concerning the risk of anesthesia and of 
a surgical procedure in a patient who has or- 
ganic heart disease. A request of this kind 
carries with it a number of implied questions, 
among the most important of which are: 

1. Does the cardiac abnormality increase the 
risk of the contemplated procedure? 

2. Will the anesthesia and surgical operation 
increase the demands on the heart beyond the 
limits of the cardiac reserve and therefore pre- 
cipitate congestive heart failure? 

3. Does the cardiac condition require treat- 
ment before operation? 

4. Is the prognosis of the heart condition so 
grave that surgery should be limited to an 
emergency or palliative procedure? 

5. Is the heart disease of such a nature that 
it carries with it the liability of sudden death 
during anesthesia and surgical operation? 

6. What bearing does the state of the heart 
have on the choice of the anesthetic agent? 

7. What, if any, cardiovascular complica- 
tions are to be anticipated during the operation 
and postoperative period? 

The information necessary to answer these 
questions usually can be obtained from the 
clinical history and physical examination with- 
out resorting to more elaborate forms of in- 
vestigation. 

It still is quite commonly believed that dur- 
ing anesthesia and surgical operations the heart 

From the Cleveland Clinic and the Frank E. Bunts 
Educational Institute, Cleveland, Ohio. 


is subjected to a considerably increased de- 
mand for work, but there is no evidence that 
this is actually the case. The two greatest dan- 
gers to which a patient is exposed during an op- 
eration under general anesthesia are anoxia and 
shock. If these are avoided by proper anes- 
thesia, minimizing of blood loss, and careful 
manipulation of tissues, even prolonged and ex- 
tensive surgical procedures do not increase the 
load on the heart as much as does moderate 
physical exertion. Competent anesthesia is sel- 
dom attended by cyanosis or more than slight 
alterations in respiration, pulse rate, and blood 
pressure; and changes of this kind are encoun- 
tered no more frequently in patients who have 
organic heart disease with a satisfactory myo- 
cardial and coronary reserve than in normal in- 
dividuals. It may be taken as a general rule, 
therefore, that if anoxia and shock are avoided, 
patients with organic heart disease who have 
been able to carry on normal daily activities 
without experiencing symptoms of myocardial 
or coronary insufficiency can tolerate general 
anesthesia and surgery with no more hazard 
than a normal person.'! There are a few excep- 
tions to this rule, and these will be mentioned 
later. The presence of hypertension does not 
affect the validity of the general statement, 
provided that renal function has not been de- 
pressed to an important degree. 

In estimating the risk of anesthesia and sur- 
gery in a patient who has organic heart dis- 
ease, careful inquiry concerning dyspnea or sub- 
sternal pain on exertion, paroxysmal nocturnal 
dyspnea, attacks of acute coronary failure, and 
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former acute myocardial infarction is of much 
more importance than are the cardiac findings 
on physical examination. Certain findings, how- 
ever, such as enlargement of the heart, mur- 
murs indicative of valvular damage, gallop 
rhythm, and important disturbances of cardiac 
rhythm, may make it advisable to question the 
patient again in order to be certain that the 
questions have been understood and truthfully 
answered. The same consideration applies to 
the majority of electrocardiographic abnormali- 
ties. With few exceptions, an abnormal electro- 
cardiogram in an individual who has had no 
symptoms of impaired myocardial or coronary 
reserve does not indicate added danger from 
anesthesia and surgery. As examples, bundle 
branch block does not of itself increase surgical 
mortality or postoperative morbidity,? and pa- 
tients who have auricular fibrillation without 
congestive failure tolerate anesthesia and op- 
eration satisfactorily if the ventricular rate has 
been properly controlled by digitalis. 
Occasionally a need for anesthesia and sur- 
gery arises in patients who are suffering from 
congestive heart failure. In such circumstances 
it is advisable that there be a period of preop- 
erafive treatment, the intensity and duration 
of which will be determined by the degree of 
failure and the urgency of the surgical condi- 
tion. A surgical emergency, such as acute ap- 
pendicitis or a perforated peptic ulcer, will not 
permit delay, and the risk of immediate opera- 
tion must be accepted. If, in a situation of this 
kind, the patient has not been receiving digi- 
talis, a suitable preparation of the drug should 
be administered by intravenous injection be- 
fore the anesthesia is started. The dose usually 
employed is one-half or somewhat more of the 
amount estimated to be necessary for complete 
digitalization. After the operation additional 
intravenous or intramuscular injections of 
smaller amounts can be given at intervals of 
four hours or so until the process of digitaliza- 
tion is complete. One of the mercurial diuretics 
should be given by intramuscular injection at 
the same time as the initial dose of digitalis 
and subsequently each day until the prepara- 
tion no longer causes diuresis or loss of weight. 
When congestive heart failure is present and 
the surgical condition is of such nature that op- 


eration can be delayed safely for a few days or 
longer, digitalization should be accomplished 
by the oral route or, if nausea and vomiting are 
present, by the intramuscular injection of one 
of the preparations designed for this purpose. 
If auricular fibrillation is present, the ventricu- 
lar rate furnishes the most helpful guide as to 
whether or not the maximum therapeutic effect 
of the drug has been obtained; sufficient digi- 
talis is given to reduce the rate, in the absence 
of fever, severe anemia and thyrotoxicosis, to 
approximately 70 beats per minute. When nor- 
mal rhythm is present, the heart rate is of no 
aid in estimating the degree of digitalization, 
and one must then prescribe the amount of the 
drug required by the average patient and be 
guided by the general clinical response. The 
sodium content of the diet should be strictly 
limited, and one of the mercurial diuretics 
should be administered. Surgery should be post- 
poned, if at all possible, until all evidence of 
congestive failure has disappeared. If this is 
done, the patient can reasonably be expected 
to stand anesthesia and operation without diffi- 
culty, but if sufficient delay is impossible and 
adequate treatment cannot be carried out, sur- 
gery may be followed by a considerable in- 
crease in the degree of failure. 

Regardless of the adequacy of preoperative 
treatment, patients who have had congestive 
failure before operation must be watched 
closely during the period after surgery. Post- 
operative complications, such as pulmonary 
embolism, atelectasis, pneumonia, and ab- 
dominal distention, are not well borne and may 
be responsible for a return of or an increase in 
the manifestations of decompensation. The 
mortality related to these complications is con- 
siderably greater in patients who have had con- 
gestive failure before operation than in normal 
individuals or in those who have organic heart 
disease with little or no impairment of myo- 
cardial reserve. 

Digitalis also should be administered before 
operation to persons who do not have conges- 
tive failure but who have experienced dyspnea 
of cardiac origin on moderate exertion or par- 
oxysmal nocturnal dyspnea. Although these 
patients usually tolerate anesthesia and op- 
eration satisfactorily without preoperative dig- 
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italization, the added strain of unforeseen post- 
operative complications may be sufficient to 
precipitate cardiac decompensation. The pre- 
paratory use of digitalis will improve the ability 
of the heart to withstand such an added strain 
so that postoperative mortality should not be 
significantly greater than in individuals who 
have a normal myocardial reserve. The amount 
of the drug given should be sufficient to ac- 
complish theoretic digitalization, and the dos- 
age schedule will be determined by the time 
available. 

All patients who have auricular fibrillation 
or auricular flutter should be completely digi- 
talized before operation whenever possible, 
even though there have been no symptoms of 
diminished myocardial reserve and regardless 
of the ventricular rate. As in the case of per- 
sons who have symptomatic myocardial in- 
sufficiency without congestive failure, these 
patients are seldom adversely affected by 
anesthesia and surgery. However, anoxia, hem- 
orrhage or shock during operation, and such 
postoperative complications as pneumonia, ate- 
lectasis, thromboembolic accidents and abdom- 
inal distention are liable to cause an abnormally 
great increase in the ventricular rate in the ab- 
sence of digitalis control. This in turn may re- 
sult in the development of cardiac decompensa- 
tion. Blumgart* demonstrated that a given 
amount of exercise causes a much greater rise 
in heart rate in individuals who have auricular 
fibrillation than it does in patients who have 
normal rhythm. After the administration of 
digitalis the response to exercise still remains 
greater than in persons with normal rhythm 
but the maximum ventricular rate attained is 
less than before the drug is used. 

In the absence of symptoms of myocardial 
insufficiency, the presence of hypertension, en- 
largement of the heart, evidence of organic val- 
vular disease, premature beats and electro- 
cardiographic changes indicative of myocardial 
damage, preponderance of either ventricle or 
coronary artery disease are not to be considered 
indications for the preoperative use of digitalis. 
There is likewise no evidence that digitalis is of 
benefit in the preoperative care of elderly pa- 
tients who have a normal myocardial reserve. 
Occasionally, however, an elderly individual is 


encountered who experiences dyspnea on exer- 
tion and yet presents no objective evidence of 
‘ardiac or pulmonary disease. The preopera- 
tive use of digitalis is warranted in such pa- 
tients on the assumption that the dyspnea may 
be of cardiac origin even though no clear-cut 
proof is available. 

In patients who have been able to carry on 
normal daily activities without experiencing 
symptoms of myocardial or coronary insuffi- 
ciency, the fact that organic heart disease is 
present does not influence the decision as to the 
type of operation to be done. As in the case of 
persons with normal hearts, the procedure car- 
ried out should be the one required for the cure 
or correction of the surgical problem. The situ- 
ation is different, however, when the heart 
condition is such that death from a cardiac 
cause must be anticipated within a period of 
two to four years at the most. All elective sur- 
gical procedures are then to be avoided. In pa- 
tients who have had congestive heart failure, 
for example, the repair of abdominal or in- 
guinal hernias should be postponed as long as 
the condition can be controlled reasonably well 
by mechanical means, and myomas of the 
uterus should be treated by radiation rather 
than by hysterectomy. 

There are certain heart conditions which are 
liable to result in sudden death even under 
normal circumstances, and in patients who are 
in one of these states, the occurrence of even 
mild anoxia or shock during or after operaton 
may directly precipitate the changes which 
abruptly terminate life. The conditions include 
angina pectoris, recent myocardial infarction, 
recent acute coronary failure, aortic stenosis, 
coronary ostial stenosis due to syphilitic aorti- 
tis, and high grade or complete auriculoven- 
tricular block complicated by the Adams- 
Stokes syndrome. Aortic stenosis and syphilitic 
aortitis may have caused no symptoms prior 
to the operation but the other conditions will 
have given rise to characteristic manifestations. 
In patients who have aortic stenosis or severe 
coronary disease, the most common cause of 
sudden death appears to be ventricular fibrilla- 
tion which may or may not be preceded by a 
short paroxysm of ventricular tachycardia. 
Death from the Adams-Stokes syndrome is due, 
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‘ith rare exceptions, to ventricular asystole. 
n patients who have had angina pectoris, myo- 
ardial infarction, or acute coronary failure, the 
ill in blood pressure which accompanies sur- 
ical or postoperative shock may so reduce 
oronary blood flow that acute coronary failure 
myocardial infarction results. Either of these, 
i not suddenly fatal, may be responsible for the 
apid development of congestive heart failure. 
(he risk of anesthesia and surgery in patients 
vho have any of the forms of heart disease 
vhich are attended by the danger of sudden 
ieath must be recognized beforehand, and sur- 
‘ery should be carried out only when unavoid- 
ible. Everything possible must be done to 
revent anoxia and a fall in blood pressure 
during the operation, and the surgical pro- 
‘edure employed must be the simplest one 
available. The risk must not be magnified be- 
yond its true proportions, however, and pa- 
tients must not be denied the benefit of sur- 
gery when an operation is necessary. Brumm 
and Willius! reported only 11 deaths (4.3 per 
cent) from cardiac causes in 257 patients with 
severe coronary disease who were- subjected to 
required surgical procedures. Attacks of angina 
pectoris had been experienced by these patients 
for an average of 3.1 years, and 32 had healed 
infarets at the time of operation. Death oc- 
curred from coronary thrombosis in 7, conges- 
tive heart failure in 2, and abruptly without ap- 
parent coronary occlusion in 2. In patients who 
have had myocardial infarction, operation 
should be postponed, if at all possible, for at 
least three months from the onset of the attack. 
Mention has been made of the advisability 
of avoiding operation whenever possible in pa- 
tients who have, or have had, congestive heart 
failure. This, of course, does not apply when 
myocardial failure is due in whole or in part to 
a condition which can be corrected by surgery. 
Cardiac decompensation occurs in approxi- 
mately 4 per cent of all patients who have 
i\yperthyroidism, the two most important 
‘actors responsible for its development being ac- 
companying organic heart disease and un- 
controlled auricular fibrillation. Correction of 
he thyrotoxicosis by radioactive iodine, or 
xy subtotal thyroidectomy after thorough 
preoperative preparation, usually restores myo- 


vardial reserve to a normal or nearly normal 
level. Reversion to sinus rhythm occurs spon- 
taneously in approximately one-third of those 
patients in whom auricular fibrillation was 
present, and normal rhythm can be re-estab- 
lished in about one-half of the remainder by 
the administration of quinidine. Arteriovenous 
aneurysm, patent ductus arteriosus and chronic 
constrictive pericarditis also may be respon- 
sible for the development of congestive heart 
failure. Treatment by the measures ordinarily 
employed for cardiac decompensation is of 
limited value but surgical correction of the 
causative condition usually results in complete 
disappearance of the manifestations of failure. 

Because skillfully administered inhalation 
anesthesia does not increase the work of the 
heart, the presence of organic heart disease is 
only occasionally of more than secondary im- 
portance in determining the choice of the an- 
esthetic agent. The type of operation and the 
general condition of the patient usually are the 
deciding factors. Nitrous oxide-oxygen and 
ethylene—oxygen, supplemented by ether if nee- 
essary, are well tolerated by patients with or- 
ganic heart disease when strict precautions are 
taken to avoid anoxia. Sodium Pentothal by 
intravenous injection may be used for minor 
procedures and for operations which do not re- 
quire relaxation of the abdominal muscles if at 
the same time 100 per cent oxygen is admin- 
istered by inhalation. Cyclopropane should not 
be used because of the possibility of inducing 
important ventricular arrhythmias. In this con- 
nection it should be emphasized that the ad- 
ministration of epinephrine during cyclopro- 
pane anesthesia is an extremely hazardous 
procedure. Cyclopropane sensitizes the heart 
to epinephrine so that the latter drug readily 
causes ventricular tachycardia and ventricular 
fibrillation.® 

In the presence of one of the forms of heart 
disease which is likely to cause sudden death, 
local anesthesia should be employed if possible. 
The same cardiac conditions contraindicate the 
use of spinal anesthesia whenever the required 
operation can be performed under some other 
agent. A pronounced drop in arterial blood pres- 
sure due to spinal anesthesia may reduce cor- 
onary blood flow to such a degree that fatal 
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vardiac arrhythmias, acute coronary failure or 
myocardial infarction result. The administra- 
tion of Neosynephrine by subcutaneous or intra- 
muscular injection greatly reduces the incidence 
of dangerous hypotension, and therefore di- 
minishes the risk when spinal anesthesia must 
be used.® Pituitrin should not be employed to 
combat the hypotensive effects of spinal anes- 
thesia in patients with organic heart disease 
because of its constrictive action on the cor- 
onary arteries. 

Important cardiovascular complications are 
uncommon during operations skillfully per- 
formed under competent anesthesia. Distur- 
bances of cardiac rhythm occur with consider- 
able frequency but only occasionally are they 
of such a nature as to be of clinical significance. 
Kurtz, Bennett and Shapiro’ observed abnor- 
malities in the electrocardiograms of nearly 80 
per cent of 109 patients subjected to surgery, 
the incidence of changes being higher in per- 
sons with abnormal hearts than in those with- 
out heart disease. The most common altera- 
tions consisted of sinus arrhythmia, premature 
beats and downward displacement of the pace- 
maker. More important arrhythmias occurred 
in only seven instances. 

In a recent study of electrocardiographic 
changes during cyclopropane-ether anesthesia, 
Johnstone™ reported the frequent occurrence of 
sinus bradycardia and A-V nodal rhythm. The 
changes apparently were due to reflex vagal 
inhibition of the heart secondary to stimulation 
of nerve endings in the air passages by the anes- 
thetic agent. In one patient, sinus bradycardia 
progressed to transient complete cardiac arrest. 
Atropine prevented extreme sinus bradycardia 
but, in doses of less than 1.2 mg., did not affect 
the incidence of A-V nodal rhythm. It was ob- 
served, however, that if carbon dioxide was 
allowed to accumulate in the anesthesia circuit, 
atropine might induce ventricular tachycardia 
or frequent ventricular premature beats. Atten- 
tion also was directed to the fact that the simul- 
taneous administration of atropine and prostig- 
mine may result in the development of ventric- 
ular fibrillation. Prostigmine has been employed 
as an antidote for overdosage with curare, and 
in order to avoid its use Johnstone recommends 


that only a single dose of curare be given to anv 
patient. Muscular relaxation should be main- 
tained subsequently by anesthetic agents an: 
not by the administration of more curare. 

Anoxia, shock and a considerable drop i 
blood pressure during anesthesia and surger - 
may be responsible for the development of pri - 
mature beats even in patients who have pe: 
fectly normal hearts. When anoxia is the caus: , 
the arrhythmia frequently can be abolishe 
promptly by increasing the oxygen content «f 
the anesthetic mixture. If the premature beais 
are of ventricular origin and occur with in- 
creasing frequency in spite of added amounts 
of oxygen, they may be eliminated by the ir - 
travenous administration of procaine amide hy - 
drochloride (Pronestyl) in doses of 100 to 500 
mg. The same preparation is of value in ter- 
minating ventricular tachycardia during anes- 
thesia. The drug may be useful also in the treat- 
ment of supraventricular tachycardia. Tachy- 
cardia of the latter type, as well as that of ven- 
tricular origin, often can be brought to an end 
by the intravenous injection of procaine hydro- 
chloride in doses of 30 to 70 mg.* 

The two most serious cardiac complications 
of inhalation anesthesia are standstill of the 
heart and ventricular fibrillation. Both condi- 
tions cause sudden disappearance of arterial 
pulsations and audible heart beats, and the 
electrocardiogram or direct inspection of the 
heart therefore is necessary to distinguish one 
from the other. Cardiac arrest and ventricular 
fibrillation are rare occurrences but either 
may develop without warning during any type 
of surgical procedure and in the entire absence 
of organic heart disease. Both can be treated 
successfully if the diagnosis is made promptly 
and treatment started within three to five 
minutes. Because accurate recognition is of 
such fundamental importance, the time may 
well come when an inexpensive oscilloscope 
will be a part of every anesthetist’s armamen- 
tarium. There must also be a plan of action to 
be followed whenever such an emergency arises 
The procedure to be followed is the one recom 
mended by Beck.’ Once the diagnosis is made 
the heart should be exposed without delay. Th 
practice of intracardiac injection of epinephrin« 
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turough the chest wall should be discouraged 
tecause it involves loss of time and may be re- 
syonsible for the development of ventricular 
f brillation in a heart in standstill. Having ex- 
josed the heart, the surgeon immediately 
| egins cardiac massage, usually at a rate of ap- 
;roximately 40 contractions per minute, and 
cnly after this has been carried on for a few 
1iinutes does he stop momentarily to ascertain 
\hether the condition is one of standstill or 
ventricular fibrillation. In the event of stand- 
- ill, massage is resumed and is continued until 
spontaneous cardiac contractions appear. The 
first beats may be very feeble, and if they do 
not increase in strength, 1 cc. of 1:1000 epi- 
nephrine is injected into the chamber of the 
right auricle or ventricle. This is the only situ- 
ation in which epinephrine should be employed 
in eardiae resuscitation. When ventricular 
fibrillation is present, 5 per cent procaine is ap- 
plied to the surface of the heart, and cardiac 
massage is continued without interruption. If 
the arrhythmia persists, 5 cc. of a 2 per cent 
procaine solution are next injected into the 
right auricle or right ventricle. Massage is con- 
tinued, and if the disturbance is not termi- 
nated, electric shock is next employed. Alternat- 
ing current of 1 to 1.5 amperes is applied to the 
heart for a fraction of a second through special 
electrodes. 

Postoperative cardiac complications are not 
common and are seldom responsible for death 
of the patient. The greatest incidence is en- 
countered in individuals who have severe cor- 
onary artery disease.!°: " In these patients, death 
may be due to acute myocardial infarction, con- 
gestive heart failure or the sudden development 
of ventricular fibrillation. Master and his asso- 
ciates” found that of 625 instances of coronary 
occlusion, 35 (5.6 per cent) occurred following 
some surgical procedure. 

Auricular fibrillation occurs as a relatively 
unimportant postoperative complication in ap- 
proximately 10 per cent of all patients subjected 
(o thyroidectomy for hyperthyroidism. The ar- 
thythmia generally begins within the first two 
or three days after operation and usually lasts 
ior less than 48 hours. It seldom requires special 
‘reatment, although it seems advisable to begin 


gradual digitalization at its onset. One of the 
serious complications to which patients with 
mitral stenosis and auricular fibrillation are 
subject is an embolic accident due to dislodg- 
ment of a portion of a mural thrombus in the 
auricular appendages. A development of this 
kind, however, is no more likely to occur during 
surgical operations or the postoperative period 
than at other times. 

There is one feature of the postoperative 
management of patients who have organic heart 
disease which deserves emphasis. This has to do 
with the administration of fluids by intravenous 
injection. All preparations which contain so- 
dium, including whole blood and plasma, should 
be avoided unless their use is specifically in- 
dicated. When fluids must be given, the solu- 
tion employed should consist only of 5 per cent 
glucose in distilled water whenever possible. In 
the presence of organic heart disease the admin- 
istration of large amounts of sodium-containing 
fluids may be directly responsible for the ap- 
pearance of pulmonary edema and other fea- 
tures of congestive heart failure even though 
there may have been no symptoms of myo- 
cardial insufficiency before operation. The dan- 
ger is, of course, particularly great in patients 
who have congestive failure before operation 
even though all manifestations of decompensa- 
tion have been controlled satisfactorily by 
treatment before surgery is undertaken. Oc- 
currences of this kind probably have not been 
too uncommon in the past and undoubtedly 
have been a factor in furthering the erroneous 
belief that patients who have organic heart dis- 
ease do not tolerate anesthesia and surgical 
operations satisfactorily. 

The occurrences of pneumonia, atelectasis, 
thromboembolic accidents, and abdominal dis- 
tention during the postoperative period consti- 
tute especially great dangers for patients who 
have organic heart disease and may be respon- 
sible for the initial development or return of 
congestive heart failure. The antibiotic drugs, 
early ambulation, prompt use of anticoagulants 
on the first appearance of evidence of phlebo- 
thrombosis, and continuous gastric suction 
have greatly reduced the incidence of these 
complications and have therefore improved the 
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outlook of cardiac patients who require sur- 
gery. 


SUMMARY 


Skillful anesthesia and surgical operations do 
not significantly increase the demands upon the 
heart for work. Patients who have organic heart 
disease but who have been able to carry on 
normal daily activities without symptoms ref- 
erable to the heart tolerate anesthesia and op- 
eration without difficulty provided that anoxia, 
hemorrhage and shock are avoided. Hyperten- 
sion, cardiac enlargement, valvular disease 
other than advanced aortic stenosis, and elec- 
trocardiographic abnormalities, per se, do not 
increase surgical mortality or postoperative 
morbidity. When symptomatic myocardial in- 
sufficiency or evidence of congestive heart fail- 
ure is present, a period of preoperative treat- 
ment with rest, digitalis, sodium restriction 
and mercurial diuretics is advisable. Treatment 
should be as thorough as possible during the 
interval in which the operation can be safely 
delayed. With adequate management, patients 
who have had myocardial failure can be ex- 


pected to tolerate anesthesia and surgery satis- 


factorily. Postoperative complications, such as 
pneumonia, atelectasis, thromboembolic acci- 
dents and abdominal distention, are not well 
borne, however, and may be responsible for a 
return of cardiac decompensation. 

Patients who have auricular fibrillation or 
auricular flutter should be digitalized before op- 
eration even though there have been no symp- 
toms. of impaired myocardial reserve and re- 
gardless of the ventricular rate. 

Surgery should be avoided if possible in per- 
sons who have severe coronary disease, aortic 
stenosis, coronary ostial stenosis due to syphili- 
tic aortitis, and high grade or complete auricu- 
loventricular block complicated by the Stokes- 
Adams syndrome. Spinal anesthesia should not 
be employed in the presence of these conditions. 

The decision as to the exact type of operation 
to be performed is seldom influenced by the ex- 
istence of organic heart disease. 

The presence of organic heart disease is only 
occasionally of more than secondary impor- 
tance in determining the choice of the anes- 


thetic agent to be given by inhalation. Cyel)- 
propane, however, should not be used. 

Although unimportant disturbances of ca r- 
diac rhythm occur frequently during anes- 
thesia and operation, serious complications such 
as ventricular tachycardia, standstill of thehea : 
and ventricular fibrillation are uncommon. T] e 
treatment of these conditions has been di 
cussed. 

Postoperative cardiac complications are n 
common and are seldom responsible for deat 
of the patient. The greatest incidence occurs 
patients whohaveseverecoronary artery diseas °. 

The intravenous administration of  fluivs 
which contain sodium should be avoided during 
operation and the postoperative period unle 
their use is specifically indicated. 
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BACTERIAL ENDOCARDITIS 


Hamburger, M., and Muething, D.: The In Vitro 
Sensitivity to Eight Antibiotics of Streptococci 
and Staphylococci Recovered from Cases of Bac- 
terial Endocarditis. J. Lab. & Clin. Med. 37: 60 
(Jan.), 1951. 

Since very little is known of the effectiveness of 
the newer antibiotics in the treatment of bacterial 
endocarditis, the authors determined the minimal 
inhibiting concentration of eight antibiotics for 
eleven strains of alpha streptococci (Streptococcus 
viridans), two strains of Group D streptococci, and 
three strains of staphylococci recovered from cases 
of subacute bacterial endocarditis. The antibiotics 
used were penicillin, streptomycin, Aureomycin, 
chloramphenicol, Terramycin, neomycin, bacitracin 
and polymyxin. 

Kleven strains of Streptococcus viridans not be- 
longing to Group D were highly susceptible to the 
action of penicillin. The minimal inhibiting concen- 
tration of penicillin ranged from 0.006 to 0.06 
micrograms per cubic centimeter. Aureomycin, Ter- 
‘amycin, bacitracin and streptomycin were slightly 
ess effective. There was considerable strain varia- 
ion in susceptibility to streptomycin and neomycin. 

‘hloramphenicol was less effective and polymyxin 

ntirely ineffectual. 

Two strains of Group D streptococci proved re- 
sistant to penicillin, Aureomycin, Terramycin, chlor- 
imphenicol, neomycin and polymyxin. They were 
‘airly sensitive to bacitracin and streptomycin. 

Three strains of Staphylococcus aureus were sus- 
‘eptible to streptomycin, Aureomycin, Terramycin 
ind bacitracin. They were resistant to chloram- 
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phenicol and polymyxin. There were strain differ- 
ences in reaction to penicillin and neomycin. 
Mintz 


Matthew, H.: Subacute Bacterial Endocarditis 
Caused by Coagulase-Negative Staphylococcus 
Albus. Lancet 260: 146 (Jan.), 1951. 

Two cases of subacute bacterial endocarditis oc- 
curring in rheumatic hearts and caused by a co- 
agulase-negative Staphylococcus albus are presented. 
Pericarditis was a striking feature, being produced 
in both cases by multiple areas of focal embolic 
infarction of the myocardium. 

Despite apparent improvement under penicillin 
therapy, both patients died after a remarkably sim- 
ilar clinical course. The presence of pericarditis and 
pericardial effusion calls for comment because peri- 
cardial symptoms and signs are uncommon in endo- 
carditis due to Streptococcus viridans. The degree of 
myocardial damage was sufficiently extensive to be 
the cause of death. 

BERNSTEIN 


Gewin, H. M., and Friou, G. J.: Manifestations of 
Vitamin Deficiency during Aureomycin and Chlor- 
amphenicol Therapy of Endocarditis Due to Staph- 
yloccus Aureus. Yale J. Biol. & Med. 23: 332 
(Feb.), 1951. 

A ease of acute bacterial endocarditis due to 
penicillin-resistant staphylococci was treated with 
combined aureomycin and chloramphenicol. During 
the course of treatment many severe side reactions 
occurred, including mucosal changes in the mouth 
and gastrointestinal tract, skin lesions and periph- 
eral neuritis suggestive of avitaminosis B, as well 
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as a complicating fungus infection of the skin. 
Vitamin administration was only partially effective 
until the antibiotics were discontinued after bac- 
teriologic cure was certain. The conclusion that the 
disturbances were attributable to the antibiotics 
appeared warranted from the course of events in 
this case, and from similar experiences in the litera- 
ture. The mechanism is obscure but may be related 
to the destruction of intestinal bacteria essential for 
production or utilization of vitamin B, or possibly 
to a direct competitive blocking effect on intra- 
cellular metabolism producing changes similar to 
vitamin deficiency. 
ENSELBERG 


CONGENITAL ANOMALIES 
Kaye, J.. and Meyer, R. M.: Kartagener’s Syn- 
drome with an Anomalous Left Subclavian Artery. 

Brit. J. Radiol. 14: 27 (Jan.), 1951. 

The authors report 2 cases in one family of 
Kartagener’s triad (situs inversus, bronchiectasis, 
sinusitis). One had an anomalous left subclavian 
artery. They indicate that in the literature bronchi- 
ectasis is present in roughly 20 per cent of cases of 
situs inversus. The diagnosis of anomalous left sub- 
clavian artery was made in the left anterior oblique 
position wherein the barium filled esophagus was in- 
dented from behind above the level of the aortic 
knob. A similar small indentation was present in the 
right anterior oblique view. Since the two patients 
were brother and sister, both presented the triad; 
one had in addition another congenital anomaly 
(aberrant left subclavian artery), and both patients 
coughed persistently from early infancy. It is fair 
to assume that the entire triad is congenital in 
origin. 


SCHWEDEL 


Silber, E. N., Prec, O., Grossman, N., aud Katz, 
L. N.: Dynamics of Isolated Pulmonary Stenosis. 
Am. J. Med. 10: 21 (Jan.), 1951. 

A case of isolated pulmonary stenosis in an 11 
year old patient is described. Cardiac catheteriza- 
tion revealed the usual physiologic criteria for this 
diagnosis—an elevated systolic pressure in the right 
ventrie's and a pulmonic systolic pressure that is 
mar edly lower than the right ventricular systolic 
pressure. From their studies the authors conclude 
that patients with pulmonary stenosis may main- 
tain an adequate cardiac output at rest and with 
ordinary activity. The simple relationship pressure 
gradient (mm. Hg)/cardiac output (L.) = stenotic 
index can be considered an approximate numerical 
expression of the dynamic significance of the pul- 
monary stenosis. The dilatation of and the high 
diastolic pressure in the pulmonary arteries in the 
majority of the catheterized cases are associated 
with intrinsic changes of the pulmonary artery 
which can be recognized by angiocardiography. The 
pulmonary diastolic hypertension may be caused 


by maldevelopment of the whole pulmonary tree, 
consisting of a decrease in the total number o 
medium sized and smaller branches of the pulmonary 
artery. Dyspnea and cyanosis occur only during 
temporary or ultimate heart failure. Relative inade 
quacy of the circulation during stress manifests itsel: 
by less dramatic symptoms such as easy fatigability 
Harris 


Grishman, A., Brahms, S. A., Gordon, A., and King 
F. H.: Aberrant Insertion of Pulmonic Veins. J 
Mt. Sinai Hosp. 17: 336 (Jan.—Feb.), 1951. 

Two cases of aberrant insertion of pulmonic vein 
are described, both in young adult males, who wer 
asymptomatic in regard to the cardiovascular sys 
tem, but in whom cardiac murmurs were present 
Both patients showed electrocardiographic evidenc: 
of right ventricular hypertrophy, with an RR’ com 
plex over V; and V2, and radiologic evidence o! 
enlargement of the right ventricle with prominent 
pulmonary arteries. On conventional roentgenog 
raphy, one patient showed a curvilinear density in 
the right lower lung field parallel to the cardia 
border, which did not pulsate. Angiocardiography 
revealed this to be the right lower lobe pulmonic 
vein aberrantly inserting into the inferior vena cava, 
and associated with an interatrial septal defect. The 
other patient showed symmetric widening of the 
superior mediastinum by sharply demarcated, lat 
erally convex, homogeneous and pulsatile structures. 


Angiocardiography identified the right side of this 
density as dilated superior vena cava, and the left 
side as a wide aberrant pulmonary vein, from the 
left upper lobe, which joined the left innominate 
vein. In addition, the presence of an interatrial septal 
defect was confirmed by cardiac catheterization. 
CorTELL 


Kroop, I. G., Borun, E. R., Lasser, R. P., Gordon, 
A. J., Brahms, S. A., and King, F. H.: Isolated 
Interventricular Septal Defect with Dilatation of 
the Pulmonary Artery, an Entity. J. Mt. Sinai 
Hosp. 17: 317 (Jan.—Feb.), 1951. 

The differential diagnosis of congenital lesions 
associated with radiographic prominence of the pul- 
monary artery segment include interatrial septal de- 
fect, patent ductus arteriosus, Eisenmenger’s com- 
plex, idiopathic dilatation of the pulmonary artery, 
and isolated pulmonic stenosis with poststenotic 
dilatation. The authors add to this interventricular 
septal defect with dilatation of the pulmonary 
artery, and present the case of a 43 year old boy, in 
whom the diagnosis of this entity was made. He 
presented the characteristic murmur and thrill of an 
interventricular septal defect, but the fluoroscopic 
findings of a prominent pulmonary artery segment, 
the appearance of right ventricular enlargement, 
and increased pulmonary vascular markings were 
more consistent with the presenc2 of an interatrial 
septal defect. Cardiac catheterization revealed pres- 
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sures in the right ventricle at the upper limit of 
normal, and a higher oxygen content in right ven- 
tr cular samples as compared with blood from the 
richt atrium, indicating a shunt of oxygenated 
biood into the right ventricle. Angiocardiography 
«vealed dilatation of the right atrium and the right 
v ntricle, dilatation of the main pulmonary artery, 
bit normal pulmonary artery branches, and a some- 
wat dilated left ventricle. The aorta and left atrium 
were normal. These two studies confirm the presence 
o interventricular septal defect with dilated pul- 
nonary artery. 
CorTELL 


Megibow, R. S., and Feitelberg, S.: Further Experi- 
ences with Microplethysmography in the Study 
of Congenital Heart Disease. J. Mt. Sinai Hosp. 
17: 303 (Jan—Feb.), 1951. 

The microplethysmogram is a graphic time curve 
of the digital volume fluctuations, which for prac- 
tical purposes are considered to represent a summa- 
tion of constant phasic and aphasie changes in 
digital blood volume. The volume pulse wave is a 
positive biphasic pulsation characterized normally 
by an abrupt vertical upward deflection, the systolic 
limb, and a more oblique downward deflection, the 
diastolic limb, the latter splintered normally about 
its midpoint by a tiny deflection, the dicrotic notch, 
occasioned by closure of the semilunar valves. 

Forty-six patients in whom the diagnosis of patent 
ductus arteriosus was confirmed by cardiac cathe- 
terization, by angiocardiography, or by thoracotomy 
showed microplethysmographic changes indicating 
patency, namely, a flat, obtuse, or rounded apex, 
the absence of a distinct dicrotic notch, the loss of 
the normal difference in the gradient between the 
systolic and diastolic limbs, and variations in vol- 
ume pulse amplitude. These changes were also 
noted postoperatively in patients who had the 
Blalock-Taussig operation. 

One patient who showed: the microplethysmo- 
graphic changes of patency was found to have an 
aneurysm of the sinus of Valsalva which had rup- 
tured into the right ventricle, and another patient, 
who also showed the characteristic tracing, was 
found to have an aortic septal defect. 

CorRTELL 


Blumenthal, S., Brahms, S. A., and Sussman, M. L.: 
Tricuspid Atresia with Transposition of the Great 
Vessels: Successfully Treated by Surgery. J. Mt. 
Sinai Hosp. 17: 328 (Jan.—Feb.), 1951. 

The authors report on the case of a 5 year old 
boy who was cyanotic from 2 months of age, who 
was markedly underdeveloped, and had a decreased 
exercise tolerance. The significant diagnostic find- 
ings were the presence of left axis deviation in the 
electrocardiogram, with P; and P» tall and peaked, 
indicating atrial enlargement. A high R wave was 
present in aVy, and a small R and deep S in aVy. 


The presence of left axis deviation in such a child 
suggested tricuspid atresia, associated with such 
additional anomalies as to make the defect com- 
patible with life. Conventional roentgenography of 
the chest revealed a striking absence of the expected 
lower right cardiac convexity, prominence of the 
left lower contour, and a normal ascending aorta 
and aortic knob. Angiocardiography confirmed the 
clinical impression of tricuspid atresia, a large inter- 
atrial septal defect, interventricular septal defect, 
and diminutive right ventricle. In addition, it estab- 
lished the presence of transposition of the great 
vessels, and suggested the presence of pulmonary 
stenosis. Since the pulmonary vessels filled poorly, 
it was felt the patient would benefit from an anas- 
tomosis of the left subclavian artery to the left 
pulmonary artery. This operation was successfully 
performed with striking increase in exercise tolerance 
and diminution in cyanosis. 
CorTELL 


Schwartz, B. M., Gordon, A. J., Brahms, S. A., and 
King, F. H.: Uncomplicated Pulmonary Stenosis. 
J. Mt. Sinai Hosp. 17: 323 (Jan.—Feb.), 1951. 
The authors point out the diagnostic criteria of 

uncomplicated pulmonic stenosis, which may be 

valvular or isolated infundibular stenosis, the former 
being more common. The patients are usually 
asymptomatic until the second or third decade, 
when dyspnea and right-sided congestive failure 
may supervene. Cyanosis is usually absent and, if 
present in the absence of congestive failure may 
mean a physiologically patent foramen ovale. There 

is a loud harsh systolic murmur, with or without a 

thrill, loudest in the second, third or fourth left 

intercostal spaces. The murmur may be transmitted 
to the neck. The second sound at the pulmonic area 
may be normal, increased, or decreased in intensity. 

There is usually x-ray and fluoroscopic evidence of 

right ventricular enlargement, and sometimes the 

right atrium may be enlarged. In the majority of 
cases, poststenotic dilatation of the pulmonary 
artery is found, which may have increased pul- 
sations. The electrocardiograms may be normal, but 
more often show evidence of right ventricular 
hypertrophy, and occasionally partial right bundle 
branch block. Cardiac catheterization shows an 
elevated right ventricular pressure, a normal or 
decreased pulmonary arterial pressure, and no evi- 
dence of shunt by virtue of normal oxygen satura- 
tion values. Angiocardiography is of value in deter- 
mining if the stenosis is valvular or infundibular. 
CoRTELL 


CONGESTIVE HEART FAILURE 


Padilla, T., Padilla, T., Jr., and Padilla, M. A. T.: 
Angina Pectoris and Congestive Heart Failure. 
Rev. argent. de cardiol. 17: 289 (Sept.—Oct.), 
1950. 
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The authors present observations of several cases 
having angina pectoris which was caused by conges- 
tive heart failure. Various factors (such as emotions, 
exposure to cold, gastric or intestinal reflexes) may 
provoke the actual onset of pain in these patients. 
However, the main cause seems to be increased 
venous return toward the right heart and a failing 
left ventricle. The combination of increased blood 
demand caused by increased work and anoxemia 
leads to coronary insufficiency. Frequently, anginal 
pain is the first sign of left ventricular failure and 
appears before nocturnal paroxysmal dyspnea or 
pulmonary edema. This particular type of angina 
pectoris is reversible and may disappear completely 
after treatment of the failure. 

LUISADA 


Olson, R. E., and Schwartz, W. B.: Myocardial 
Metabolism in Congestive Heart Failure. Med- 
icine 30: 21 (Feb.), 1951. 

The authors review recent researches regarding 
the sequence of biochemical events in the normal 
and the failing myocardium. Pyruvate, glucose, 
lactate, acetate, ketone bodies, fat and amino acids 
may serve as oxidizable substrate for cardiac muscle. 
Coenzymes required in many of the oxidative proe- 
esses are derivatives of vitamin B complex (thiamine, 
biotin, pantothenic acid, niacin and pyridoxine). It 
is also possible that vitamin E plays a role in regu- 
lating oxidation and phosphorylation. Necessary 
for the dehydrogenation systems are enzymatic 
hydrogen carriers including riboflavin and cyto- 
chromes. Phosphate bond energy is made available 
by carrier substances such as creatine and adenylic 
acid. Szent-Gyorgi’s hypothesis of muscle contrac- 
tion in the heart proposes that the ultimate con- 
tractile unit is the actomyosin fibril, a conjugate of 
polymerized actin and myosin. Depolymerization 
and shortening of actomyosin causes muscular con- 
traction and the release of energy. This depolymeri- 
zation is thought to be initiated by the nodal im- 
pulse acting on intracellular potassium. In diastole, 
polymerization of actin is brought about by 
adenosine triphosphate and myosin. The energy for 
cardiac work during systole is thus derived from 
adenosine triphosphate during diastole. This mech- 
anism demands labile phosphate, an adequate sup- 
ply of which can be maintained only through con- 
tinuous oxidation of substrate. 

Two main types of heart failure may be visualized: 
(1) disturbances in energy production: (a) oxygen 
lack, including anoxia and anemia; (b) enzyme or 
coenzyme lack, the chief example of which is beri- 
beri; (c) hormonal lack or imbalance, such as thy- 
rotoxicosis. (2) Disturbances in energy utilization, 
as indicated by studies of patients with congestive 
failure due to hypertension or valvular disease, in 
whom coronary blood flow, oxygen extraction and 
substrate utilization are not impaired. In this latter 
group digitalis generally results in marked clinical 


improvement, whereas in the high-output failure 
group in which oxidative metabolism or phosphste 
bond conservation is impaired the drug causes litle 
or no clinical improvement. It appears that the 
primary action of digitalis may be to improve the 
ability of the actomyosin fibril to utilize availal Je 
phosphate bond energy and thereby increase cardi \¢ 
work without comparable change in oxygen co \- 
sumption. 
[E.NSELBERG 


Kleiber, E. E., and Pickar, G.: Treatment of Chror 
Congestive Cardiac Failure with Ion Exchan 
Resins. Ann. Int. Med. 34: 407 (Feb.), 1951. 
The cation exchanger used in this study was ; 

carboxylic resin in the hydrogen cycle. It is a ve 

fine whitish powder of a sandy consistency witho 
any unpleasant odor or taste, being an almost cor .- 
pletely insoluble substance, and having the prope: 

of retarding absorption of sodium, calcium a 

potassium, but permitting absorption of phosphat 

and chlorides. The end result is therefore similar 
the effect obtained from ingestion of ammoniu 
chloride but the advantage of the resin is its co 
trol of sodium absorption even though the patient 
eats a fairly normal diet free from the monotony of 
extreme sodium restriction. It was administered to 
a total of 7 cases exhibiting the various manifesta- 
tions of congestive heart failure. However, because 
of its bulk, gastrointestinal distress, or its unpala- 
tability, the resin was rejected by 4 of the patients 
and its effectiveness in these cases could not be 
evaluated. In the other 3 cases, it appeared to pro- 
vide considerable benefit. In one case, it was effec- 
tive in diminishing the frequency of abdominal 
paracenteses for ascites; in another case, it was 
responsible for the maintenance of the dry weight 
even with reduced frequency of administration of 
mercurial diuretics. In a third ease, elimination of 
edema and ascites was not accomplished in spite of 
the usual treatment of congestive heart failure over 

a long period of time, until treatment with the resin 

was begun. In the absence of marked impairment 

of renal function, the resin appears to be relatively 
nontoxic in the doses used. 
WENDKOS 


CORONARY ARTERY DISEASE, 
MYOCARDIAL INFARCTION 


Scharfman, W. B., Wallach, J. F., and Angrist, A.: 
Myocardial Infarction due to Syphilitic Coronary 
Ostial Stenosis. Am. Heart J. 40: 603 (Oct.), 
1950. 

The authors report a series of cases of recent 
myocardial infarction resulting from syphilitic coro 
nary ostial stenosis. In 5 cases there was minima! 
or absent coronary arteriosclerosis, and in 2 cases 
there was an associated moderate to severe coronary 
arteriosclerosis without occlusion distal to the sten 
osed ostia. Clinical features of this syndrome in 
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‘lude (1) persistent and prolonged anginal pain, 
2) physical signs of aortic valvular insufficiency, 
3) positive serology, (4) past history of syphilitic 
nfection, (5) dyspnea, and (6) sudden death. Elec- 
rocardiograms were recorded in 2 cases and showed 
eft ventricular strain. Although ostial stenosis is 
‘ommon in syphilitics (24 per cent) myocardial in- 
arction due to syphilitic ostial stenosis is rare. The 
uuthors believe that since syphilitic ostial stenosis 
s a slowly progressive process, adequate collateral 
‘irculation develops. When persistent angina pec- 
oris develops, however, it has the same ominous 
significance as stenosing coronary arteriosclerosis. 
HELLERSTEIN 


Morris, J. N.: Recent History of Coronary Disease. 

Lancet 260: 69-73 (Jan.), 1951. 

Clinical experience and statistical tables suggest 
that coronary heart disease has increased, inde- 
pendent of the aging of the population and improved 
diagnosis. A sample study of coroners’ records sug- 
gests that spontaneous rupture of a cardiac ventricle 
in the elderly is similarly occurring more often. An 
analysis was made of the necropsy records of the 
London Hospital, where the coronary arteries as 
well as the myocardium have been routinely ex- 
amined since 1907 to 1908. Some 6000 reports from 
these years to 1949 were studied, relating to both 
sexes and to ages 30 or 35 to 69, inclusive. These 
reports show about a sevenfold increase from 1907— 
1914 to 1944-1949 in the number of cases of cor- 
onary heart disease. They suggest that coronary 
thrombosis and myocardial infarction were rare be- 
fore the first world war and have since become 
common, that is, that as a common disease they 
are new and not merely newly recognized. 

An attempt was next made to estimate the prev- 
alence of coronary atheroma in the population from 
these records. They showed a substantial decrease 
of advanced coronary atheroma, as defined mainly 
by the report of calcified lesions in the arteries, be- 
tween 1908-1913 and 1944-1949. The decrease was 
seen in all the relevant sex, age and pathologic 
categories (including hypertensive) studied. It oc- 
curred in two phases that seemed to be connected 
with the two world wars. Some implications of these 
contrasting trends are discussed, for example, that 
coronary thrombosis and heart disease may not be 
simple and direct functions of the atheroma. Possi- 
ble nutritional relations of the decrease of the 
atheroma are considered, together with their rel- 
evance to the health of an aging population. 

BERNSTEIN 


Brill, I. C., and Rosenbaum, E. E.: Calcific Aortic 
Stenosis Simulating Acute Coronary Thrombosis 
with Myocardial Infarction. Ann. Int. Med. 34: 
442 (Feb.), 1951. 

In 4 patients with calcific aortic’ stenosis, death 
vecurred following an episode of chest pain simulat- 


ing an attack of acute myocardial infarction. How- 
ever, in the 3 cases in whom autopsy was permitted, 
a myocardial infaretion could not be demonstrated. 
In all 4 patients, the electrocardiographic changes 
were not those which result from myocardial in- 
farction. 

WENDKOS 


Yater, W. M., Welsh, P. P., Stapleton, J. F., and 
Clark, M. L.: Comparison of Clinical and Path- 
ologic Aspects of Coronary Artery Disease in Men 
of Various Age Groups. A Study of 950 Autopsied 
Cases from the Armed Forces Institute of Path- 
ology. Ann. Int. Med. 34: 352 (Feb.), 1951. 
The purpose of the present report, which is an 

analysis of the records of 950 men who were au- 
topsied following death from coronary artery dis- 
ease, is to provide hitherto unavailable information 
in respect to the contrasting aspects of the coronary 
problem in those under and above 40 years of age. 
Statistical treatment of the data permitted the fol- 
lowing conclusions: the onset of the “coronary 
attack”’ occurred in a higher percentage of the 
younger men while they were engaged in strenuous 
activity, and in a higher percentage of the older 
men while they were in bed. Fatal attacks were 
more likely to occur without warning in men under 
40 years of age. Myocardial infarcts increased in 
frequency with advancing age in those men who had 
a history of attacks of coronary insufficiency. In 
cases in which congestive failure had occurred the 
finding of myocardial infarcts decreased percentage- 
wise with age, contrary to expectation. Hypertension 
also appeared to be an unimportant factor among 
the men who had congestive failure. There was a 
tendency toward longer survival following the acute 
coronary attack as age increased. The incidence of 
gallop rhythm and systolic murmurs decreased with 
age, whereas the incidence of pericardial friction 
rub and cardiac enlargement increased with age, the 
latter greatly. Disturbance of rhythm and conduc- 
tion as noted on electrocardiographic examination 
increased with age. Electrocardiographic diagnoses 
of the site of infarction showed a great preponder-’ 
ance of anterior lesions. 

Cardiac hypertrophy increased with age far more 
than could be accounted for by the increasing in- 
cidence of hypertension. Myocardial infarets in- 
creased with age among those men with cardiac 
hypertrophy. Thus it appeared that the more dam- 
aged the myocardium, the more often cardiac hy- 
pertrophy occurred; this trend increased definitely 
with age. The older men were more inclined to have 
two or more infarcts. The infarcts in men under 30 
were located more commonly in the anterior wall of 
the left ventricle; the incidence of posterior infarcts 
increased with age. Mural thrombi, fibrosis of the 
myocardium, rupture of the heart, ventricular aneu- 
rysm, and pericarditis in association with recent 
myocardial infarcts, all showed greatly increased 
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incidence with age. The accumulated data indicated 
that coronary artery disease carries a more serious 
prognosis for men under 40 than for men aged 40 
and over. 

WENDKOS 


Ask-Upmark, E., and Adner, L.: Coronary Infarc- 
tion and Gout. Acta med. Scandinay. 139: 1, 1950. 
The authors describe 3 patients with acute myo- 

cardial infarction. Although each of them had gout 

there had been no acute manifestation for some 
years. In each case acute gouty symptoms appeared 
during the period of recovery. In studying the possi- 
ble factor of derangement of uric acid metabolism, 
the writers found that myocardial infarction is 
associated with a sudden fall in the circulating 
eosinophils with a return to normal after about two 
weeks. It is mentioned that an acute attack often 
occurs in gouty individuals after surgical procedures, 
usually one week after the operation. The patients 
reported here developed acute govt about one week 
after the onset of the infarction. A possible allergic 
response to the products of damaged tissue is men- 
tioned as a possible explanation in both instances. 

The possibility of a vasomotor factor in the etiology 

of gout is considered and it is mentioned that there 

may be a central mechanism involving the hypo- 
thalamus. 
ROSENBAUM 


Biérk, G., and Dalhama, T.: The Prognostic Value 
of the Hypoxemia Test. Cardiologia 17: 366, 1950. 
A follow-up study was performed on 243 patients 

who had a hypoxemia test during the years 1942 to 

1946. The authors found a lower average life ex- 

pectancy in the male group compared with the 

female group. In the former the mortality was 
especially high in cases with a positive hypoxemia 
test. In cases with a doubtful test the results of the 
follow-up study were equivocal. A negative test was 
followed in five instances by cardiac death within 
six months and, therefore, does not exclude ad- 
vanced myocardial disease. In a group of hyper- 
tensive patients clinical symptoms and signs proved 
to be a better guide as to degree of coronary involve- 
ment and prognosis than the hypoxemia test. 

Pick 


ELECTROCARDIOGRAPHY 


Zuckerman, R., Rodriguez, M. I., Sodi-Pallares, D., 
and Bisteni, A.: Electropathology of Acute Cor 
Pulmonale. Am. Heart J. 40: 805 (Dec.), 1950. 
The authors have studied the changes in epi- 

cardial and intraventricular leads in acute cor pul- 

monale produced by mechanical compression of the 
pulmonary artery. There was an elevation of the 

RS-T complex in the pulmonary conus, trabecular 

zone and right atrial and ventricular cavities, and a 

depression in the left epicardium and cavities. The 

increase of right intraventricular pressure produces 

a partial or total decrease of septal convexity, con- 


stituting an “inverted Bernheim.” The “inverted 
Bernheim” produces an intraseptal block and mod- 
ifies the septal vectors. The conversion of the rsR 
of the epicardium of the pulmonary conus to qR is 
due to the formation of an obtuse angle between 
the conus and the septum, so that the septal vector 
goes away from the conus. The RS-T changes like- 
wise are related to changes in the right surface of 
the interventricular septum. The diagnosis of acute 
cor pulmonale was made in 40 patients with pul- 
monary infarction, in 14 patients with pneumonia, 
and 14 patients with primary or metastatic pul- 
monary carcinoma. In serial records of the patients 
with infarction, 37.5 per cent showed no electro- 
‘ardiographic changes; 15 per cent had the MeGinn- 
White pattern with deep 8; Q3; 15 per cent had a 
shift of AT to the left, of plus 10 to minus 45 de- 
grees, and inversion of T wave in V, to the transi- 
tional zone; 15 per cent had disturbances of rhythm, 
and the remainder showed ‘right bundle branch 
block, axis shift to the right, and anterolateral 
ischemia. The presence of Q in V>y is not a differ- 
ential sign between acute cor pulmonale and poste- 
rior infaretion, but reflects changes in the right 
heart in a horizontal position. Coronary T waves in 
right precordial leads indicate right ventricular is- 
chemia, and in left precordial leads left ventricular 
ischemia. Diffuse coronary insufficiency plus disten- 
sion of the right ventricle with unusual compression 
on its walls are held responsible for these changes. 
HELLERSTEIN 


Rosenman, R. H., and Reynolds, R. W.: The Transi- 
tion Zone in Precordial Electrocardiograms from 
Multiple Sites. Am. Heart J. 40: 867 (Dec.), 
1950. 

The transition zone of the T wave and QRS 
complexes was studied in 150 normal electrocardio- 
grams and in 195 tracings exhibiting left, right or 
combined ventricular strain. In the normals, the 
transition zone was found between C2 and Cy. There 
was a tendency for a more abrupt transition in elec- 
trically vertical and semivertical hearts and for a 
clockwise shift in vertical hearts. In left ventricular 
strain, the transition zone was shifted far to the 
right or left, but was most often located at positions 
C3 to Cy. The T wave was sometimes notched in the 
region where its direction changed. In right ven- 
tricular strain the transition zone was found in sev- 
eral leads, especially in horizontal hearts. In com- 
bined ventricular strain a double transition zone 
was found (leads V; to V2 and V4 to V;). The location 
and width of the transition zone were of little diag- 
nostic value as isolated criteria in the interpretation 
of left or right ventricular strain. 

HELLERSTEIN 


Bunse, W., and Jahn, H.: Histamine Antagonism 
and Electrocardiogram. Aerztl. Wehnschr. 6: 29 
(Jan.), 1951. 


Intravenous injection of histamine in rabbits, in 
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a dose of 0.5 mg. per Kg., produced typical shock 
and significant changes in the electrocardiogram, 
which showed deep S-T depression in leads I and 
II and marked $8-T elevation in lead III, similar to 
clinical tracings of myocardial infarction. In addi- 
tion, disturbances of impulse formation and con- 
duction were seen in the form of premature beats, 
escapes, and A-V block of various degree. A subcu- 
taneous injection of various antihistaminies (2 to 
3 mg. per Kg.) protected the animals from his- 
tamine shock and the associated electrocardiographic 
anomalies for about 150 minutes. 
Pick 


Vesell, H.: Critical Rates in Ventricular Conduction. 
II. Simulation of Localized Bundle Branch Block. 
Am. Heart J. 41: 46 (Jan.), 1951. 

In some patients with myocardial disease, bundle 
branch block appears only at a critical heart rate. 
The author presents the electrocardiograms of a 47 
year old man showing left bundle branch block in 
the limb leads where the rate was 68 to 80, and nor- 
mal intraventricular conduction in the chest leads 
where the rate was 60 to 68. Four days later, QRS 
complexes in limb and precordial leads showed pro- 
longed intraventricular conduction. The cardiac rate 
ranged from 71 to 86 beats per minute. The ven- 
tricular complexes representing bundle branch block 
were similar in the two electrocardiograms. Func- 
tional changes of fatigue or recovery from fatigue 
were considered responsible for the fluctuations be- 
tween normal and delayed intraventricular con- 
duction. 


HELLERSTEIN 


Unghvary, L., and Farkas, F.: Variations of the Q 
and S Axis with Development of Heart and with 
Increasing Age. Ztschr. f. Kreislaufforsch. 40: 25 
(Jan.), 1951. 

The authors determined in.600 electrocardiograms, 
obtained on normal individuals of various ages 
(newborn to 60 years) the position of the Q and 8 
vector in the frontal plane and in space. The Q axis 
in the frontal plane was shifted to the left. (to about 
—60 degrees) in the newborn and migrated with 
increasing age to the right to about +120 degrees. 
The deviation and changes of the S axis occurred in 
opposite direction (about +150 degrees at birth 
and —90 degrees in the cldest group). The spatial 
position of both vectors remained unchanged 
throughout all ages, the Q vector maintaining a 
forward inclination and the S vector a backward 
inclination. 

PIck 


Pipilis, G. A., and Wosika, P. H.: Unipolar Pre- 
cordial Electrocardiograms in Ventricular Aneu- 
rysm. J. A. M. A. 145: 147 (Jan.), 1951. 

The authors report 5 cases of ventricular aneurysm 
proved pathologically, one of which was diagnosed 
electrocardiographically because the tracing was 


characteristic of anterior myocardial infarction with 
persistent elevation of the RS-T segment over a two 
year period. The electrocardiograms in these cases 
are constantly abnormal with persistent RS-T eleva- 
tion in the precordial leads. It is felt that the dis- 
placement of the RS-T segment may be the result 
of continuous myocardial injury of the subepicardial 
or subendocardial ventricular wall. 
KITCHELL 


Dowling, C. V., and Hellerstein, H. K.: Factors 
Influencing the T Wave of the Electrocardiogram. 
II. Effects of Drinking Iced Water. Am. Heart J. 
41: 58 (Jan.), 1951. 

The authors have repeated the classic iced water 
experiment of Wilson and Finch and studied the 
effects on the T wave in unipolar limb and precordial 
leads and on the ventricular gradient. Primary T 
wave changes occurred after the ingestion of 800 cc. 
of iced water in 5 of 6 normal subjects, 4 of 11 pa- 
tients with left ventricular hypertrophy, 5 of 7 with 
old anterior myocardial infarcts, and 4 of 7 with 
old posterior infarcts. The T wave in leads I, aVp, 
aVy, and in the right-sided precordial leads tended 
to become relatively or absolutely more positive, 
while in the left posterolateral chest leads and leads 
II, II] and aVy, there was a decreased positivity 
or increased negativity of the T wave. There was a 
tendency for the terminus of G in all groups to 
move counterclockwise toward the first and second 
sextants, the same region to which G sweeps in 
posterior wall ischemia. The effective ‘‘vector of 
cooling” of the entire group was located around 
minus 90 degrees on the triaxial reference system. 
This localization and the T wave changes support 
the concept that the iced water ingestion produced 
a delay of repolarization of the posterior wall of the 
heart. In control experiments, 800 cc. of tea at body 
temperature were ingested without significant 
change. 

HELLERSTEIN 


Lasser, A. P., Borun, R., Gordon, A. J., and King, 
F. H.: Electrocardiographic Abnormalities In- 
duced by Cardiac Catheterization. J. Mt. Sinai 
Hosp. 17: (Jan.—Feb.), 1951. 

The authors report on the electrocardiographic 
tracings taken during cardiac catheterization on 49 
patients. Of these, forty-three were from normal 
patients, and two were from cases of rheumatic 
valvulitis. Auricular premature contractions were 
noted in 7 cases, nodal premature systoles in 11 
cases, and ventricular extrasystoles in 33 cases, the 
latter occurring most commonly when the catheter 
was at the tricuspid orifice, or when it was either at 
the interventricular septum or being drawn from 
the pulmonary artery back into the outflow tract. 
Supraventricular tachycardia was observed in 6 
cases, of momentary duration when the catheter 
was in the auricle. Ventricular tachycardia was ob- 
served in 12 cases while the catheter was in the right 
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ventricle. There was one episode of ventricular 
flutter with a rate of 240 per minute, which ceased 
spontaneously in 11 seconds. 

One patient with an electrocardiogram typical of 
a Wolff-Parkinson-White conduction developed an 
auricular tachyeardia while the catheter was passed 
through the tricuspid valve. Although the catheter 
was immediately removed, the tachycardia persisted 
for over two hours, despite intravenous therapy 
with pronestyl and quinidine lactate. Three hours 
after intravenous digoxin, the heart returned to 
regular sinus rhythm with normal conduction. The 
next day sinus rhythm with Wolff-Parkinson-White 
conduction was recorded. 

Two to one heart block was recorded in one case, 
S-T segment deviation and T wave changes were 
seen in 3 cases, all associated with tachycardias. 
Eight patients developed widening of the QRS 
complex, probably related to conduction disturb- 
ances in the right ventricle. 

The authors point out that the aberrant rhythms 
produced all subsided spontaneously and no irrita- 
ble discharging ventricular focus ever remained 
after removal of the catheter. 

CoRTELL 


Unghvary, L., and Schulz, A.: Alteration of the 
Precordial Electrocardiogram by Various Posi- 
tions of the Electrical Axis. Cardiologia 17: 295, 
1951. 

The electrocardiographic pattern in multiple chest 
leads depends on the spatial position of the mean 
electrical axis. To prove this point the authors pre- 
sent electrocardiograms of a dog, in which the posi- 
tion of the heart within the closed chest was changed 
by means of threads attached to the apex and pulled 
through the chest wall in various directions. A shift 
of the apex to the left produced an increase of the 
positive deflection in the left-sided chest leads and 
a shift to the right a similar change in the right- 
sided leads. Deflection of the axis of the heart in 
forward direction produced positive deflections in 
all chest leads and with the apex pulled forward 
(axis backward) QRS became inverted in all chest 
leads. The evaluation of the prevalent direction of 
QRS in the chest leads, associated with determina- 
tion of the axis shift in the frontal plane from the 
three standard leads, permits a fair estimate of the 
spatial position of the mean electrical axis of the 
heart. 

Pick 


Laham, J., Gialloret, O., and Lenegre, J.: Q: in Left 

Sided Block. Cardiologia 17: 315, 1950. 

The authors present autopsy data on a series of 
cases with the electrocardiographic pattern of left 
bundle branch block and distinct Q waves in lead I 
and/or aVj, and the left-sided chest leads. The study 
of the cases revealed that, contrary to statements in 
the literature, this type of electrocardiogram does 


not necessarily indicate the presence of myocardial 
infarction of the free wall of the left ventricle or 
massive necrosis of the intraventricular septum. A 
Q wave in lead I, can, according to the authors, be 
found in left bundle branch block with positional 
changes of the heart (respiratory movements, 
changes in position of the body), in the presence of 
an additional conduction defect through the right 
bundle or in pre-excitation of the right ventricle. 
Pronounced heart failure in hypertension or in 
aortic lesions with dilatation of left auricle, left 
ventricle and secondary hypertrophy and dilatation 
of the right ventricle may also account for the per- 
sistence of a Q, in left bundle branch block. 
Pick 


Slapak, L.: The Electrocardiographic Diagnosis of 
Ventricular Aneurysm. Cardiologia 17: 265, 1950. 
The author reports electrocardiographic findings 

in 62 cases with ventricular aneurysm which was 

verified at autopsy in 49 instances (79.03 per cent). 

The aneurysm was localized in 27 cases around the 

apex, in 25 cases on the anterior wall, in 7 cases on 

the posterior wall and 3 cases had two aneurysms. 

In 54 cases (87.1 per cent) the electrocardiogram 

showed distinct Q waves and persistence of S-T 

elevations in the corresponding leads, and in some 

cases persistent S-T depression in the reciprocal 

leads. In one case, S-T elevation was present 10} 

years after the acute infarction. Five patients showed 

the pattern of left bundle branch block and in 2 

cases the electrocardiogram did not permit definite 

conclusions because of the presence of multiple in- 
farcts on both anterior and posterior walls. 
Pick 


ENDOCRINE EFFECTS 
ON CIRCULATION 


Rosenberg, I. N.: The Nature of the Circulating 
Thyroid Hormone in Graves’ Disease. J. Clin. 
Investigation 30: 1 (Jan.), 1951. 

Paper chromatographic and radioautographiec 
studies after administration of radioactive (I'*!) 
iodine to 6 hyperthyroid patients indicate that 97 
to 99 per cent of the labeled iodine is protein- 
bound. Practically all of the labeled organic iodine 
in the plasma in Graves’ disease was found to exist 
as a single substance indistinguishable from 
thyroxine. 

WAIFE 


Bentinck, R. C., Gordon, G. S., Adams, J. E., 
Arnstein, L. H., and Leake, T. B.: Effect of 
Desoxycorticosterone Glucoside upon Ccrebra! 
Blood Flow and Metabolism of Human “ubjects. 
J. Clin. Investigation 30: 200 (Feb.), 1951. 
Steroidal hormones have been reported to have 

effects upon cerebral metabolism varying from anes- 

thetic properties and anticonvulsive activity to 
changes in mood and level of fatigue. Using the 
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1 itrous oxide method, cerebral blood flow and cere- 
| ral metabolic studies were performed on 15 human 
subjects. Administration of desoxycorticosterone glu- 
coside produced a rise in cerebral venous sugar con- 
centration above the arterial level. This indicated to 
ihe authors liberation of sugar by the brain. A small 
ut significant rise in the mean arterial glucose con- 
centration might be accounted for by liberation of 
«lucose from other sources, possibly the liver. How- 
«ver, no arteriovenous sugar difference occurred in 
the peripheral blood, suggesting the absence of an 
inmediate effect of desoxycorticosterone glucoside 
(n glucose metabolism of the muscles of the forearm. 
‘he mean arterial blood flow, cardiac rate, and rate 
cf cerebral blood flow were not altered by this 
steroid. 
WAIFE 
HYPERTENSION 

Donnet, V., Zwirn, P., and Ardisson, R.: Signifi- 

cance of Arterial Hypertension Elicited by Occlu- 

sion of a Branch of the Pulmonary Artery in the 

Dog. Compt. rend. Soe. de biol. 144: 1534 (Nov.), 

1950. 

The authors report results of experiments designed 
to clarify the mechanism of acute hypertension, 
which ean be produced in the dog by clamping a 
branch of the pulmonary artery or pulmonary veins. 
The hypertension was not affected by bilateral sec- 
tion of the vagus nerves, by division of the cervical 
spinal cord or destruction of the entire thoracic part 
of thé spinal column. The hypertension, however, 
was reduced following Syneaine infiltration of the 
adventitia of the left pulmonary artery, or by ana- 
tomie dissection of the aorta and pulmonary vessels 
following section of visible rami of the cardiac 
plexus. The authors feel that ‘‘some vascular sensi- 
tivity, especially developed in the pulmonary 
vessels,” may account for this particular type of 
hypertension. 

Pick 


Page, I. H., and Lewis, L. A.: Arterial Pressure and 
Serum Protein Patterns in Adrenalectomized Hy- 
pertensive and Adrenalectomized Normotensive 
Dogs. Am. J. Physiol. 164: 61 (Jan.), 1951. 
These experiments support the statement that if 
1ough of a variety of adrenal hormones is given 
ostoperatively to maintain animals made hyper- 
msive before bilateral adrenalectomy, the pre- 

‘drenalectomy hypertension will be continued at 
ie hypertensive level. “Maintained” is defined in 
rms of body weight, appetite, and activity. De- 
vdrocorticosterone acetate and sodium chloride, 

| |-desoxycorticosterone acetate, and adrenal extract 
| seem to protect against the postadrenalectomy 
ll in pressure. Use of DCA was limited by hypo- 
yeemic symptoms after one week. Edema was fre- 
ient in hypertensive-adrenalectomized dogs sup- 

jorted by DCA or adrenal extract and sodium 


chloride. Adrenalectomized-hypertensive dogs re- 
quired about twice as much adrenal extract as 
adrenalectomized-normotensive dogs for mainte- 
nance. The electrophoretic pattern failed to demon- 
strate a possible reduction of renin-substrate after 
adrenalectomy. The globulin fractions of plasma 
were all increased during adrenal insufficiency. No 
one fraction showed a consistently greater shift 
than the others. 
OPPENHEIMER 


Allardyce, J., Salter, J.. and Rexon, R.: Experi- 
mental Hypertension. Am. J. Physiol. 164: 68 
(Jan.), 1951. 

Results obtained with DCA in attempts to ele- 
vate blood pressure of rats are variable. This varia- 
tion depends upon some unexplained factor in the 
rats. After hypertension is established at 300 mm. 
Hg for a month, vitamin E reduces pressure during 
the period of its use. After being discontinued pres- 
sures again rise. Hypertension induced by a cho- 
line-deficient diet appears more rapidly with DCA 
although the levels reached are no greater. The 
estrogen estradiol diproprionate, and the antihista- 
mines, Antistine and Pyribenzamine have been shown 
to be capable of producing hypertension in male rats. 

OPPENHEIMER 


Brandt, W. B., Dubin, W. M., and Sapirstein, L. A.: 
Studies on Salt Hypertension. Effects of Adren- 
alectomy and Nephrectomy. Am. J. Physiol. 146: 
73 (Jan.), 1951. 

Adrenal glands are not necessary for the mainte- 
nance of salt hypertension (2 per cent sodium 
chloride substituted for drinking water) for a period 
of at least four weeks. After adrenalectomy heart 
size decreases, although blood pressure remains 
elevated. Salt hypertension rapidly returned to 
normal when tap water was substituted for 2 per 
cent sodium chloride within three days in otherwise 
normal rats. It is concluded that adrenals do not 
play an important role in the pathogenesis of salt 
hypertension. The presence of the kidneys is not 
required for the maintenance of salt hypertension . 
for at least the three days during which the animals 
survived after bilateral nephrectomy. It is pointed 
out that these results are consistent with the hy- 
pothesis that salt hypertension is dependent on dis- 
turbances in fluid distributions which are inde- 
pendent of adrenals and kidneys. 

OPPENHEIMER 


PATHOLOGIC PHYSIOLOGY 


Djourno, A.: Investigations Concerning the Mech- 
anism and the Treatment of Induced Ventricular 
Fibrillation. Compt. rend. Soc. de biol. 144: 1343 
(Oct.), 1950. 

Electrocardiographice proof of ventricular fibrilla- 
tion is rarely possible and treatment of ventricular 
asystole by electrical shocks may be dangerous, 
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since the anticipated ventricular fibrillation may 
actually be induced by the stimulating current. 
The presence of ventricular fibrillation may be 
proved instantaneously, as demonstrated by the 
author in experiments on rabbits, by observation of 
the movements of a needle introduced through the 
chest wall into the ventricular muscle; the same 
needle may be used for application to the ventricles 
of defibrillating electrical shocks. Induction of fibril- 
lation by this method was possible only with cur- 
rents of moderate intensity and if the shock coin- 
cided with the phase of partial refractoriness in the 
sardiac cycle. Shocks of greater intensity effected a 
coordinate contraction followed by cardiac stand- 
still and irreversible anatomic lesions. 
Pick 


Leeds, S. E., Gray, N. N., and Cook, O. S.: Pro- 
longation of Occlusion of the Cavae in Dogs by 
Diversion of the Circulation. I. Cannulation of 
the Superior Vena Cava. Surg., Gynec. & Obst. 
91: 399 (Oct.), 1950. 

The authors described a method for diverting 
the blood from the superior vena cava, oxygenating 
it by passing it through the animal’s own lungs, and 
then returning it to the left side of the heart, the 
inferior vena cava being occluded during this period. 
The experiments were performed on dogs. 

It was found that the length of time that the 
cavae could be oce!uded was extended by shunting 


the blood from the superior vena cava to the pul- 
monary artery. However, the amount of blood that 
could be handled in this manner represented only 
about 8 per cent of the estimated cardiac output. 
ABRAMSON 


PHARMACOLOGY 


Blinder, H., Burstein, J.. Horowitz, W., Gersh, E., 
and Smelin, R.: Studies on the Effects of Paren- 
teral Quinidine Admiaistration. Arch. Int. Med. 
86: 917 (Dec.), 1950. 

Quinidine lactate (0.65 Gm.) administered intra- 
venously within several minutes produces a maxi- 
mal cardiac effect, as determined by changes in QT., 
within 15 minutes. The magnitude of effect is greater 
than that attained with identical doses administered 
orally or intramuscularly. However, the toxic effects 
of quinidine lactate given intravenously make its 
therapeutic use hazardous. 

Pseudoventricular tachycardia occurred in two 
subjects with auricular flutter following the intra- 
venous administration of 0.65 Gm. of quinidine lac- 
tate. 

Quinidine lactate (0.65 Gm.) administered intra- 
muscularly is no more toxic than quinidine given 
orally in similar doses. A maximal cardiac effect in 
subjects with regular sinus rhythm (normal and ab- 
normal hearts) is attained in about 30 minutes. The 
duration of peak effect is between two and four 


hours in subjects with normal hearts and at least 
six hours in those with abnormal hearts. At 24 hous 
a small but significant quinidine effect persists. 
Observations suggest the following time schedule 
for intramuscular administration of quinidine: whe 
rapid therapeutic effect is important, hourly admi: 
istration is indicated; when necessity for speed i. 
therapeutic response is less urgent, administratio , 
should be at intervals of three to four hours. 
BERNSTEIN 


Rich, A. R., Berthrong, M., and Bennett, I. L.: The 
Effect of Cortisone upon Experimental Cardio- 
vascular and Renal Lesions Produced by Anz- 
phylactic Hypersensitivity. Bull. Johns Hopkins 
Hosp. 87: 549 (Dece.), 1950. 

Forty-four male albino rabbits were given an i! 
jection of horse serum into the cornea overlying the 
pupil of each eye sufficient to produce a circulsr 
opacity of 5 mm. in diameter. Two days later, 40 of 
these animals were given a single intravenous injev- 
tion of 10 cc. of sterile horse serum per kilogram of 
body weight. Twenty of the 40 rabbits received an 
intramuscular injection of 7.5 mg. (0.3 ce.) of corti- 
sone daily, beginning one day prior to the intra- 
venous injection of the horse serum. The 20 remain- 
ing rabbits were used as controls and received 0.3 
ec. of physiologic saline solution intramuscularly. On 
the thirteenth day after the intravenous injection 
of serum, all of the animals were skin tested for 
hypersensitivity. On the fifteenth day, blood was 
taken for precipitin tests for circulating antigen and 
antibody, and the animals were killed for examina- 
tion. 

There was no striking difference between the skin 
reactions in the treated and in the control animals. 
Cortisone did not prevent the development of hyper- 
sensitivity and did not inhibit the skin of the sensi- 
tized animals from reacting to the injection of the 
antigen. There was an excessive amount of lipid in 
the sera of the cortisone-treated animals which 
necessitated an extraction procedure which lowered 
the antibody titer. There was a slight tendency for 
the titers of the cortisone-treated animals to be lower 
than the contro!s. There was no parallelism between 
antibody titer and the development of anaphylactic 
visceral lesions. The cardiovascular lesions of hy 
persensitivity (periarteritis nodosa, rheumatic-like 
cardiac lesions) developed in 17 (85 per cent) of the 
20 control animals, and in 4 (20 per cent of the 
cortisone-treated animals. Acute diffuse glomerulo 
nephritis with cellular proliferation of the glomerula: 
tufts occurred in 10 (50 per cent) of the contro! 
animals. Treatment with cortisone inhibited the 
proliferative glomerular lesion, but in 15 per cent 
of the 20 sensitized animals produced a type of se 
vere glomerular damage with accentuated hemor 
rhage. ACTH, however, inhibits the glomerula 
proliferation and does not produce the latter typ« 
of lesions. The authors, therefore, question the us 
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cortisone in the treatment of acute glomerular 
phritis. 
MAaRGOLIES 


irrett, M.: Chronic and Acute Effects of Mercu- 
hydrin and Thiomerin on Renal Tubular Func- 
tion in the Dog. J. Pharmacol. & Exper. Therap. 
100: 502 (Dec.), 1950. 
The author finds no evidence of renal toxicity, as 
i dicated by changes in the glomerular filtration 
te, glucose Tm and renal paraaminohippurate Tm, 
2 female dogs following the administration of 
\fereuhydrin and Thiomerin in doses of 1 mg. per 
Ig. of mereury for five days or after a single dose 
either 3 or 5 mg. of mercury per Kg. of either 
irug. The acute effects of the two mercurials were 
udied in one dog by determination of filtration 
rate, renal plasma flow, glucose Tm, and electrolyte 
excretion for two hours after the intravenous ad- 
ministration of single doses of each drug equivalent 
to 1, 5, and 10 mg. of mercury per Kg. At the high- 
est dosage level, Thiomerin caused a marked fall 
in the glucose Tm with subsequent death of the 
animal despite the administration of BAL which 
had protected the dog from the same dose of Mer- 
cuhydrin. Mercuhydrin caused a greater reduction 
of glomerular filtration than Thiomerin and a lesser 
fall in glucose Tm. The author concludes that Thio- 
merin is more nephrotoxic than Mercuhydrin in 
large doses. 
SAGALL 


Hirsch, E. O., and Dameshek, W.: Thrombocyto- 
penic Purpura Due to Allergy to Quinidine. Am. 
J. Med. 9: 828 (Dec.), 1950. 

The administration of quinidine sulfate to a pa- 
tient with heart palpitation led to the development 
of allergic thrombocytopenic purpura. The fall in 
hlood platelets was attributed to the inhibition of 
platelet formation by the bone marrow megakaryo- 
cytes as well as to increased platelet destruction. 
The withdrawal of quinidine led to spontaneous re- 
covery. 

HarRIs 


Clark, D. E., Trippel, O. H., and Sheline, G. E.: 
Diagnostic and Therapeutic Use of Radioactive 
Iodine. Arch. Int. Med. 87: 12 (Jan.), 1951. 
Methods of determining thyroid function with 
dioiodine involve the determination of the rate 
urinary excretion, uptake by the thyroid gland 

sud incorporation into the “hormonal” iodine of 

tie blood. 
The mean urinary excretion in thyrotoxic pa- 
tents was 25 per cent, with a range of 7 to 45 per 
nt, and in euthyroid patients the average excre- 
ion was 59 per cent, with a range of 23 to 95 per 
nt. Ninety-one per cent of the euthyroid patients 

‘ owed an uptake between 10 and 35 per cent. The 

her 9 per cent had higher values: Ninety-four per 


cent of hyperthyroids had uptakes greater than 35 
per cent. The remaining hyperthyroid patients 
showed 34 per cent uptake or less. There was a 
definite overlap between the euthyroid and hyper- 
thyroid groups. 

The rate of incorporation of injected radioiodine 
into plasma protein-bound iodine varies with the 
degree of thyroid activity; there is no overlapping 
of the conversion ratios between the hyperthyroid 
and euthyroid groups. Values range from 13 to 42 
per cent in euthyroids and from 45 to 96 per cent 
in patients with hyperthyroidism. Values of 10 per 
cent or less are considered to show hypothyroid 
activity. Patients with hypertension or cardiovas- 
cular disease and elevated basal metabolic rates, 
but no known thyroid malfunction did not show a 
high conversion ratio. 

The results of treatment with radioactive iodine 
are encouraging. Many years will be required, how- 
ever, before final evaluation of the possible harmful 
effects of internal beta radiation to the thyroid and 
other body tissues can be fully established. A dose 
of approximately 0.1 millicurie per estimated Gm. 
of tissue in the gland is given and additional iodine 
administered as indicated. Hypothyroidism has been 
the only complication resulting from radioactive io- 
dine administration. 

There is a definite correlation between the his- 
tologic pattern and the avidity of malignant tumor 
for radioiodine. All the patients in whom the tumor 
localized I'*! showed varying amounts of glandular 
formation with colloid, the concentration approxi- 
mately paralleling the amount of colloid present. 
Thus, it appears that radioiodine holds some promise 
for a desirable therapeutic response in the patient 
whose tumor has a tendency to be differentiated. 
Since many persons with carcinoma of the thyroid 
may live many years even with metastases, it will 
require many years to evaluate fully the results of 
I'8! therapy for thyroid cancer. 

BERNSTEIN 


Sjoerdsma, A. S.: The Influence of Digilanid on 
Creatine Reserve of Normal, Thyrotoxic and Hy-. 
pothyroid Rat Ventricle. Proc. Soc. Exper. Biol. 
& Med. 76: 126 (Jan.), 1951. 

The purpose of these experiments was to measure 
the action of Digilanid on the creatine reserve of 
normal rat hearts and to compare these results with 
any effects which might be produced in animals with 
an altered thyroid state. Digilanid administered to 
normal rats for 10 days caused a decrease in creatine 
concentration of about 18 per cent. Following 28 
days of Digilanid treatment, the creatine concen- 
tration, ventricular weight and total creatine con- 
tent were found to be within normal limits. Digi’anid 
had no influence on the percentage decrease in crea- 
tine produced by thyroxin injections, but did dimin- 
ish the hypertrophy of the thyrotoxie ventricle and 
as a consequence increased the relative loss of total 
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creatine. Although thyroparathyroidectomy elevated 
the creatine concentration slightly, concomitant car- 
diac atrophy accounted for an essentially normal 
total creatine content. The only significant effect 
of Digilanid in the thyroparathyroidectomized rats 
was to enhance the cardiac atrophy, thus leading to 
an actual loss of creatine from the hearts. Therefore, 
in the animals with altered thyroid function, Digi- 
lanid caused an actual decrease in ventricular mass 
which was reflected in the relative or absolute fall 
in the total creatine content. 
Mintz 


Osher, H. L., Katz, K. H., and Wagner, D. J.: 
Khellin in the Treatment of Angina Pectoris. 
New England J. Med. 244: 315, 1951. 

Khellin (Visammin) is a dimethoxy-methyl-furan- 
ochromone derived from the plant Ammi visnaga, 
which grows in the eastern Mediterranean coun- 
tries. It relaxes visceral smooth muscle by direct 
effect on the muscle fiber. It has a potent and pro- 
longed coronary vasodilator effect and systemic ar- 
teries are said to be less susceptible to its action 
than the coronary arteries. The authors made ob- 
servations upon 32 patients for periods ranging 
from 3 to 103 months. The studies were controlled 
by subjective and objective methods, including pla- 
cebos, exercise tolerance tests and electrocardio- 
graphic observations. Twenty-six patients displayed 
a decrease in the frequency and severity of their 
angina pectoris; the improvement was marked in 
11 patients, moderate in 11 and slight in 4 others. 
The khellin dosage required ranged from 120 to 240 
mg. daily, with an average of 160 mg. The dose re- 
quired was usually determined by gradually in- 
creasing the daily dosage by increments of 40 mg. 
The ultimate daily dose for maintenance was often 
less than that needed to initiate improvement. 
Toxie reactions usually consisted of nausea, vom- 
iting, anorexia or insomnia; none of these were 
serious but at times they did prevent further in- 
crease in daily dosage. The authors conclude that 
khellin is a safe and effective drug for the treatment 
of angina pectoris. 

ROSENBAUM 
PHYSICAL SIGNS 

Grishman, A., Kroop, I. G., Steinberg, M. F., and 
Dack, S.: Presystolic Pulsation of the Liver in 
the Absence of Tricuspid Disease. Am. Heart J. 
40: 731 (Nov.), 1950. 

The authors studied 14 patients who were chosen 
because, in the absence of tricuspid stenosis, a pre- 
systolic pulsation was visible or palpable over the 
liver area; the pulsation was confirmed by liver pulse 
tracings. Eight cases had congenital heart disease 
(interatrial septal defect, pulmonic stenosis, Eisen- 
menger’s complex, tetralogy of Fallot); 3 cases had 
myocarditis with congestive heart failure; and 3 
cases had cor pulmonale and failure, chronic auricu- 


lar flutter and congenital aneurysm of the aorti: 
sinus with perforation into the right atrium. Th: 
underlying factor in all the patients studied appeare:| 
to be obstruction to right atrial or ventricular out- 
flow due to increased resistance in the right ven- 
tricle or pulmonary circuit. This may be commo) 
to heart failure, right ventricular hypertension, per - 
cardial effusion, pulmonary hypertension and inte: - 
atrial or aortic-atrial shunts. The right atrium an | 
the large veins leading to it act as a unit, so thet 
when the right atrium has to contract against a 
increased resistance, pulse waves are propagate 
into the liver to produce presystolic pulsation. 
The presystolic pulsations of the liver were cor - 
sidered to be due to a presystolic pulse wave proy - 
agated from the right atrium. The authors stat 
that it is unlikely that 10 to 20 ce. of blood from tl 
right atrium would increase the liver size sufficient 
to make it easily perceptible. 

HELLERSTEIN 


Rivero-Carvallo, J. M.: Diagnosis of Tricuspid 
Stenosis. Rev. espan. cardiol. 4: 498 (Nov.- 
Dee.), 1950. 

The author emphasizes the relatively high o-- 
currence of tricuspid stenosis. Out of 317 cases with 
rheumatic heart disease autopsied at the National 
Heart Institute of Mexico, 146 had evidence of an 
organic tricuspid insufficiency and 31 of tricuspid 
insufficiency and stenosis. 

The author refers to previous studies proving that 
the systolic murmur of tricuspid insufficiency can be 
heard and registered best in inspiratory apnea. 
Both the opening and the closing snap of the tricus- 
pid valve and a possible diastolic murmur are louder 
during inspiratory apnea. These facts are explained 
by the increased right ventricular output during 
forced inspiration and the following apnea. 

LuIsADA 


PHYSIOLOGY 


Sterling, K., and Gray, S. J.: Determination of the 
Circulating Red Cell Volume in Man by Radio- 
active Chromium. J. Clin. Investigation 29: 1614 
(Dec.), 1950. 

The red cell volume of 25 normal young men was 
measured by mixing the subjects’ erythrocytes with 
radioactive chromium (Cr*) (half-life 26.5 days). 
The tagged cells were reinjected and the radio- 
activity of the subjects’ red cells subsequently 
determined. Red cell radioactivity remained constant 
for about 24 hours. The accuracy of the method was 
within 5 per cent and was verified by hemorrhag? 
and transfusion experiments. The results with this 
method agreed within 6 per cent with the radioiron 
technic. 

The average circulating red cell volume was 235 
ec. or 31.8 ec. per Kg. body weight. 

WaAIFE 
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CThreefoot, S. A., Ray, C. T., and Burch, G. E.: 
Biologic Decay Periods of Chloride in Man with 
Use of Long-Life Cl®* as Tracer. Proc. Soc 
Exper. Biol. & Med. 76: 1 (Jan.), 1951. 

From the data obtained in tracer studies with 
adioactive chloride, Cl*, it was possible to estimate 
he biologic decay periods of this element for human 
ubjects. A knowledge of the biologic decay rates of 
hloride in man is of importance in the under- 
tanding of the physiologic turnover and exchange 
ates in normal subjects, in patients with edematous 
tates, including congestive heart failure and in 
ndividuals internally contaminated as a result of 
military and peaceful applications of nuclear energy. 

Cl as NaCl in water was administered to 3 
vatients intravenously. One patient was followed 
for 37 days and 2 patients were studied for 70 
continuous days. 

The biologic decay periods for Cl* varied con- 
siderably, being influenced by the intake of chloride, 
variations in size of the chloride compartments, 
state and progress of the congestive heart failure 
and drugs such as mercurial diuretics, desoxycorti- 
costerone acetate, bromide, sodium and cathartics. 

Mintz 


Wollenberger, A.: Utilization of C!‘-Labeled Glu- 
cose by Cardiac Muscle Treated with a Cardiac 
Glycoside. Science 113: 64 (Jan.), 1951. 

Ouabain was added simultaneously with C- 
labeled glucose to slices of dog myocardium. An 


analysis of oxygen and glucose metabolism revealed 
that the rate of glucose oxidation was doubled 
although there was no increase in glucose uptake. 
It was further found that lactic acid production was 
greatly reduced by ouabain. The acceleration of 
cardiac respiration by ouabain is quantitatively 
accounted for by the increase in the rate of glucose 
oxidation. It was calculated that the amount of 
glucose consumed which was converted to lactate 
decreased from 28 per cent to 11 per cent. It is sug- 
vested that in cardiac muscle the glycosides accelerate 
the formation of pyruvate from glucose and lactate. 

The author believes that it is unlikely that the 
stimulation of cardiac energy metabolism by these 
compounds is the cause of the increase in the force 
of contraction. More probably, the functional and 
metabolic changes are both products of a cellular 
uteration which is still obscure. 

WAIFE 


Wybauw, R.: Revision of Classic Concepts of 
Arterial Circulation. Acta Cardiol. 5: 641, 1950. 
The author draws attention to the following 

‘xperimental facts which appear to be inconsistent 

vith present theories of the mechanics of arterial 

‘irculation. In an artificial rhythmic circulation of 

luids, increase of resistance at the end of the tube 

yroduces a greater increase of the diastolic pressure 
han of the systolic, the contrary of what is found in 


clinical cases of hypertension. In an isolated organ 
or in an isolated artery, rhythmic circulation gives 
rise to more flow than continuous circulation, even 
if the pressure of the latter exceeds the systolic 
pressure of the former. Elasticity of the vessel 
diminishes the height of its pulsations. If the latter 
factor would not be compensated by some other 
factor the arterioles would receive blood without 
pulsation and the work of the heart would be much 
increased. It has been demonstrated that the arterial 
wall plays some part in aiding the propulsion of 
blood. Deficiency of the arterial wall must, there- 
fore, be considered in the explanation of clinical 
syndromes like hypertension and shock. Since the 
coronary arteries produce the same electrical phe- 
nomena as other arteries, the role of a functional 
vascular factor has to be investigated to explain the 
occurrence of angina in cases without organic cor- 
onary disease. 
Pick 


RHEUMATIC FEVER 


Heathfield, K. W. G., and Jewesbury, E. C. O.: 
Supranuclear Bulbar Palsy (Pseudobulbar Palsy) 
in Mitral Stenosis. Brit. M. J. 4690: 1196 (Nov.), 
1950. 

The authors describe three cases of mitral stenosis 
in which supranuclear bulbar palsy developed 
abruptly as the result of bilateral cerebral emboli. 
One of the patients was a chronic fibrillator, the 
second had paroxysmal fibrillation and the third had 
a regular sinus rhythm. All were younger than is 
usually found when arteriosclerosis produces this 
condition. Dementia is not a feature of the condition 
and improvement in these cases was fairly rapid. 

BERNSTEIN 


ROENTGENOLOGY 


Meneses Hoyos, J., and Gomez Del Campo, C.: 
Angiography of the Thoracic Aorta by Direct Punc- 
ture. Arch. d. mal. du coeur 43: 996 (Nov.), 
1950. 

A technic is described for visualization of the 
thoracic aorta by puncture of the vessel through 
the second left intercostal space and direct injection 
with radiopaque material. The authors claim ex- 
cellent results and a minimum of danger, consisting 
mainly in the possibility of lesion of the internal 
mammary artery. The method is recommended 
especially for the differential diagnosis of aneurysms 
of the aorta and its main branches from other 
mediastinal masses, for recognition of large arterio- 
venous aneurysms and of congenital anomalies of 
the aortic arch. 

Pick 


Leggat, P. O.: Cardiological Case Finding by Means 
of Mass Miniature Radiography. Brit. M. J. 
1364 (Dec.), 1950. 

In two mass miniature radiographic surveys, a 
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total of 12,713 subjects were x-rayed and 47 cases 
of cardiac disease were diagnosed radiologically 
and checked by clinical examination. In survey 1 
(11,929 subjects) 17 out of 22 cases of rheumatic 
heart disease and 7 out of 8 cases of congenital 
heart disease had previously been diagnosed. There 
were 14 instances of hypertensive heart disease none 
of which had been diagnosed before the mass survey. 
In survey 2 (244 subjects, all women), only 3 cases 
of cardiac disease were diagnosed radiographically 
out of a known number of 15 occurring in the group. 
It appears therefore that mass miniature radiog- 
raphy is of limited value in the diagnoses of cardiac 
abnormalities and may reveal some cases of cardiac 
disease with few or no symptoms. Most cases will 
be missed because they have not reached the stage 
where there are radiologic abnormalities. 
BERNSTEIN 


SURGERY IN HEART AND 
VASCULAR SYSTEM 
Pilcher, C., Meacham, W. F., and Cobb, C. A.: 

The Surgical Treatment of Intracranial Angio- 

matous Malformations. Surgery 28: 342 (Aug.), 

1950. 

Eleven cases of angiomatous malformations of 
various types were reported; in each instance ex- 
tirpation was carried out. The patients were studied 
preoperatively using cerebral angiography. This pro- 
cedure was valuable in making the diagnosis and 
locating the lesion. The patients ranged between 7 
and 34 years of age. 

The angiomatous malformations generally con- 
sisted of several large arterial trunks entering a 
central mass of tangled vessels, the angioma. Many 
large, thin-walled, friable venous channels consti- 
tuted the outlet. 

The authors believe that surgical removal of a 
cerebral angioma should be seriously entertained if 
the lesion is accessible and can be removed without 
profound and permanent impairment, even though 
the operative risk may be great. 

ABRAMSON 


Johnston, C. G., Jordan, P., Jr., and Cloud, T.: 
Arteriovenous Anastomosis in Traumatic Vas- 
cular Lesions. Am. J. Surg. 89: 809 (Nov.) 
1950. 

The authors attempted to emphasize some of the 
principles involved in the treatment of vascular 
injuries. It was their impression that whenever 
possible all severed arteries should be reapprox- 
imated to reestablish continuity of lumen. Large 
hematomas are best treated with immediate inci- 
sion, ligation of bleeding vessels, and a delayed 
closure in 5 or 6 days. If left alone or aspirated, such 
lesions may lead to pseudocyst formation, with in- 
fection and necrosis of the overlying skin. 

A problem which often causes difficulties in the 
portion of the extremity below the level of the injury 


is that of small clots, formed at the site of trauma, 
being forced into the distal vessel and producing 
occlusion. Following this the thrombus tends to 
propagate proximally, with the result that a high 
thigh amputation may be necessary. In the treat- 
ment of such a condition, suggestive evidence has 
been presented that the artificial production of an 
arteriovenous shunt, through a side-to-side anasto- 
mosis of the artery and vein, and subsequently 
division and ligation of the proximal venous limb, 
may be effective in maintaining the viability of the 
distal portion of the extremity. 
ABRAMSON 


Evans, J. A.: Choice of Patients for Sympathectomy 
in the field of Peripheral Vascular Disease. Canad. 
M. A. J. 63: 545 (Dec.), 1950. 

In the author’s experience, preganglionic resection 
of the third and fourth thoracic segments for Ray- 
naud’s disease has been disappointing. Most of the 
patients complained again of blanching followed by 
blueness and pain following exposure to cold and 
later to heat. Better results are obtained when the 
first to the sixth thoracic segments are resected. 
This is particularly recommended where there are 
atrophic changes in the fingers. Although primary 
advanced scleroderma of the hands did not respond 
well to sympathectomy, if Raynaud’s disease has 
been accompanied by scleroderma of the hands, 
resection of the sympathetic chain from the first to 
the fifth thoracic segments gave good results. 

In Buerger’s disease and arteriosclerotic peripheral 
vascular disease the presence of a good collateral 
circulation may indicate sympathectomy. Proof of 
good collateral circulation are signs such as the 
absence of marked rubor in dependency and the 
absence of fast blanching on elevation. Filling of 
the veins on the dorsum of the foot within 10 
seconds in the dependent position after elevation 
also suggests adequate circulation. Abnormal sweat- 
ing suggests hypertonus of the sympathetic system 
and the likelihood of a good result following sympa- 
thectomy. The absence of pulses need not be a 
contraindication. 

Sympathectomy has been effective in relieving 
76 per cent of 29 patients with causalgia or reflex 
sympathetic dystrophy. 

WAIFE 


VASCULAR DISEASE 


Martin, R. S., and McCleery, R. S.: An Improved 
Method of Venography for the Preoperative Evalu- 
ation of the Postphlebitic Extremity. Surgery 
28 : 322 (Aug.), 1950. 

Seventy-five patients with various types of chronic 
venous pathology of the lower extremity were in- 
vestigated using an improved method of venography. 
This consisted of inserting a 19 or 20 gage needle 
into a dorsal foot vein and firmly fixing it into 
position with adhesive. The needle was attached to 
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a 12 inch piece of small-caliber rubber tubing which 
had on its other end a three-way stopcock. To the 
free arm of the stopcock was attached an intravenous 
infusion set containing physiologic saline solution 
which was used to keep the needle and venous 
channel patent and to flush the vein free of dye 
following the injection. A rubber tube tourniquet 
was placed around the leg just above the malleoli, to 
obstruct the superficial veins, and a blood pressure 
cuff was wrapped about the lower part of the thigh 
and inflated to a pressure of 40 to 50 mm. Hg. The 
latter step was necessary to obliterate superficial 
veins at the higher level. 

In the normal subject the procedure readily 
visualized the anterior and posterior tibial veins, the 
popliteal, superficial femoral, common femoral and 
external iliac veins. The superficial veins filled above 
the tourniquet level only when valves to the com- 
municating veins were incompetent. The normal 
deep veins were found to be smooth and regular in 
outline. 

In patients with a deep venous obstruction, dye 
could be seen proceeding to this point and by-passing 
the occlusion by way of collaterals. In cases in which 
recanalization had occurred, venograms demon- 
strated the shaggy irregular outline of the vein walls 
and multiple channels. 

On the basis of the method, individualization in 
the treatment of the postphlebitic extremity was 
made possible. 


ABRAMSON 


Ochsner, A., DeBakey, M. E., and DeCamp, P. T.: 
Venous Thrombosis. J. A. M. A. 144: 831 (Nov.), 
1950. 

The authors discuss the frequency and gravity of 
thromboembolism. They state that although pro- 
thrombin is essential for the development of clot, 
the relative proportion of prothrombin and anti- 
thrombin is even more important in venous throm- 
bosis. So long as the antithrombin content of plasma 
is relatively high, venous thrombosis will not occur. 
Operations of considerable magnitude cause a de- 
crease in the amount of circulating antithrombin 
beginning the first day postoperatively and con- 
tinuing for several days. Clotting can, however, be 
prevented if antithrombin deficiency is corrected 
by the administration of calcium and alpha tocoph- 
erol; the latter acts as an efficient antithrombin. 
The dosage schedule for both drugs is described. 

WESSLER 


Blumenthal, H. T., Lansing, A. I., and Gray, S. H.: 
The Interrelation of Elastic Tissue and Calcium 
in the Genesis of Arteriosclerosis. Am. J. Path. 
26: 989 (Nov.), 1950. 

The authors in previous studies demonstrated that 
calcification in coronary arteries is related to changes 
in elastic tissue and that in such arteries the splitting 
and fragmenting of the internal elastic lamella is 


followed by calcification of the fragments. In the 
current report, this work is extended to the ex- 
amination of arteries in which atheroma is relatively 
infrequent, namely the hepatic, the renal and iliac 
arteries. 

It is again shown that calcification which is con- 
sidered the fundamental aging process in major 
arteries primarily involves the media, that it origi- 
nates in an alteration, apparently a degeneration, of 
the elastic elements, and that it first appears and is 
most extensive adjacent to the internal elastic 
lamella, except in the renal artery where calcium 
deposit is predominant along the external lamella. 
There is greater deposition of calcium in the iliac 
artery than in the coronary and renal arteries, and 
least in the hepatic artery at corresponding age 
levels. 

Calcification following ‘‘elastosis’’ is not specific 
for the vascular system having been noted in the 
skin. It is notable in the rabbit and bird as well 
as in the human. It is not a uniform process, but like 
atheroma, it is focal. Its development has its initial 
upsurge in the fifth decade. This work indicates that 
-alcification is independent of intimal plaque forma- 
tion, but may facilitate the latter. The authors were 
unable to correlate the intensity of the process with 
the presence of an obstructive factor. Unfortunately 
the number of diabetic patients was too small to 
permit any conclusion. 

GOULEY 


Jones, J. M., and Ghormley, R. K.: Sequelae of 
Vascular Injuries. Am. J. Surg. 60: 799 (Nov.), 
1950. 

A discussion of the etiology, diagnosis, and surgi- 
cal treatment of various types of injuries to the blood 
vessels of the extremities was presented by the 
authors. It was their impression that in the case of 
complete severance of any artery in the upper ex- 
tremity, the vessel could be ligated with more or less 
impunity. However, in the case of a large artery in 
the lower extremity, such as the femoral above 
the profunda or the popliteal, it is well to consider 
some method of restoring continuity, generally by 
utilizing a vein graft. When it is necessary to ligate 
a major artery, a concomitant lumbar sympathec- 
tomy should be performed to insure maximal col- 
lateral flow. If laceration instead of complete sever- 
ance occurs, it is often possible to close the rent by 
vascular suture, and the patient should then be 
heparinized for 72 hours. 

Traumatic vascular spasm, as results from the 
impact of some object against the artery or from 
stretching the vessel, should be treated with vaso- 
dilators and paravertebral sympathetic blocks. If 
these procedures produce no change in the clinical 
picture, then exploration and possibly arterectomy 
should be carried out. Exploration may reveal the 
presence of actual injury and thrombosis of the 
artery rather than spasm alone. 
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Delayed traumatic aneurysm in suitable cases 
should be treated by restoring the continuity of the 
vessel using a vein graft. If this is not possible, than 
all means should be utilized to improve the collateral 
circulation. On the other hand, the most practical 
way of dealing with an arteriovenous aneurysm is 
quadruple ligation and excision. 

ABRAMSON 


Raaf, J., and Swan, K.: Traumatic Carotid— 
Cavernous Sinus Aneurysm. Am. J. Surg. 80: 
816 (Nov.), 1950. 

The authors present 5 cases of communication be- 
tween the internal carotid artery and the cavernous 
sinus, a rare complication of head injury. The fact 
that the internal carotid artery actually passes 
directly through the vein, and that in this portion of 
its course its wall is weaker than elsewhere, pre- 
disposes to this type of communication. 

When the communication forms, arterial blood 
pours into the venous sinus, resulting in engorgement 
of the sinus and reversal of venous flow in the 
ophthalmic veins and their tributaries. This is fol- 
lowed by congestion of the conjunctival and 
episcleral vessels, edema of the lids, pulsating exoph- 
thalmos, and temporal displacement of the globe 
in the orbit. If the pressure is sufficiently high or if 
the interecavernous or basilar sinuses open wide 
enough, the opposite cavernous sinus may likewise 
become distended, and pulsating exophthalmos may 
occur on both sides. Generally there is an increased 
intraocular tension. The symptoms usually experi- 
enced are a bruit heard by the patient, and diplopia. 
If there is any question regarding the nature of the 
lesion, an arteriogram may be performed. 

The treatment of the communication consists of 
ligation of the common and external carotid arteries 
in the neck. 

ABRAMSON 


Weiner, H. A.: Gangrene of the Extremities. Arch. 

Int. Med. 86: 877 (Dec.), 1950. 

A case is reported of a 23 year old Negro man with 
meningococcemia and meningitis, complicated by 
gangrene of the left foot, eventually necessitating 
amputation. Only 11 other similar cases have been 
found in the literature. Nine of these have been 
reported since 1944. 

An analysis of these reported cases suggests that 
(a) severe meningococcemia is always present, (b) 
the recent occurrence of this complication coincides 
with the advent of antibiotics, (ec) it is uninfluenced 
by sulfonamide and antibiotic treatment and (d) 
gangrene of the toes and fingers is probably a special 
instance of the regularly associated gangrene of the 
skin. 

The possible mechanism of this gangrene including 
arterial and arteriolar spasm, agglutinative or sludg- 
ing phenomena in the red blood cells, and a direct 
toxic effect in the vascular endothelial cells going on 


to inflammation, thrombosis and necrosis, is dis- 
cussed. 
BERNSTEIN 


Dolger, H.: Vascular Complications of Diabetes 
Mellitus. Bull. New York Acad. Med. 28: 779 
(Dec.), 1950. 

The author states that evidence of accelerated 
vascular damage in the diabetic patient may pre- 
cede symptoms of insulin insufficiency and that 
these vascular changes should be viewed as an 
associated phenomenon rather than a complication 
of diabetes. He feels that the course of this vascular 
damage has not been significantly altered by the use 
of insulin, diet, level of control, or severity of the 
disease and appears to be related primarily to the 
duration of the diabetes. 

WESSLER 


Segers, M., Regnier, M., and Denolin, H.: Pul- 
monary Pulsating Tumor with Arterio-Venous 
Shunt. Acta cardiol. 5: 156, 1950. 

A case of arteriovenous fistula of the lung in a 63 
year old patient is presented. An electrokymogram, 
recorded over the pulsating shadow, revealed large 
pulsations starting earlier than those of the aortic 
knob. The extremely early ejection of the right heart 
was explained by the abnormally low resistance of 
the pulmonary circulation caused by the shunt. 
Studies of blood chemistry and hematology revealed 


that only 18 per cent of the blood was passing 

through the shunt. This might explain the good 

tolerance and the age reached by the patient. 
LUISADA 


OTHER SUBJECTS 

Eddleman, E. E., Jr., Willis, K., and Heyer, H. E.: 

The Effect of Posture on the Cardiac Cycle, 

Postero-Anterior Cardiac Diameters, and Ap- 

parent Stroke Volume as Studied by the Electro- 

kymograph. Am. Heart J. 40: 504 (Oct.), 1950. 

The authors have studied the effect of positional 
changes on the duration of the various phases of the 
cardiac cycle and the posteroanterior diameter of the 
heart caused by the assumption of the erect posture. 
Normal male medical studients were studied under 
basal conditions. The duration of the phases of the 
vardiac cycle was determined by the electrokymo- 
gram and the apparent stroke volume and postero- 
anterior cardiac diameters by a modification of the 
technic of Ring and co-workers presented in detail 
in an appendix. Change from the supine to the verti- 
cal posture was associated with shortening of the 
duration of rapid ejection, total ejection, and total 
systole, and prolongation of the duration of isometric 
relaxation and rapid filling. The duration of rapid 
ejection appeared to be related to the strength of 
contraction. Reflex stimulation of the cardiac ac- 
celerator nerves upon the assumption of the upright 
posture may account for part of the shortening of 
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‘apid ejection and total ejection. The shortening of 
he duration of total ejection and total systole upon 
standing is also related to diminished cycle length, 
nereased strength of contraction, diminished stroke 
volume, and unknown factors. The duration of rapid 
filling is an index of the rate of ventricular diastolic 
filling and is dependent on the atrioventricular 
pressure gradient. The duration of rapid filling is 
prolonged by venous cuffs, after venesection and 
upon standing. There appears to be no evidence to 
indicate any active muscular factors which influence 
the duration of rapid filling. Venesection in the 
supine position produced a prolongation of the rapid 
filling phase, similar to that found when the subject 
was standing, although there was no associated 
decrease in stroke volume. This indicates that, 
although the duration of rapid filling is an indication 
of the rate of ventricular diastolic filling, the minute 
volume of blood returning to the heart may not 
necessarily be diminished with a prolongation of 
rapid filling. 
HELLERSTEIN 


Bouvrain, Y., and Bescol-Liversac, J.: The Medias- 
tinal Adenopathies in Patients with Heart 
Disease. Arch. d. mal. du coeur 43: 961 (Nov.), 
1950. 

Pathologie changes in the mediastinal lymph nodes 
are almost constant findings in autopsies of patients 
with heart failure. The nodes present alterations 


which are analogous to changes found in this con- 
dition in the pulmonary parenchyma and consist in 
vacular changes (passive congestion), cellular re- 
action with erythrodiapedesis, microhemorrhages 
especially into small infarcts, hemosiderosis with 
development of granulation tissue, leading eventu- 
ally to modification and disappearance of the normal 
nodular structure. Certain histologic features suggest 
that these changes are not merely “passive” phe- 
nomena, but may develop. in successive, brusque 
and repeated bouts due to active participation of 
vascular and nervous regulatory mechanisms. 
Pick 


Brown, H. R., and de Lalla, V., Jr.: Ballistocardio- 
gram, Description and Clinical Use. Am. J. Med. 
9: 718 (Dec.), 1950. 

The authors describe the characteristics of the 
normal ballistocardiogram. Upward deflections are 
produced by headward forces; downward deflections 
by footward forces. The ballistocardiogram may be 
described as to the regularity and definitiveness of 
each beat pattern, relative amplitude of the com- 
ponent waves, the variation with respiration, and 
the constancy of the HK time. The normal pattern 
is regular from beat to beat except for slight respir- 
atory variations in amplitude. The onset of each 
normal, complete pattern is definite. Each individual 
stroke must be studied in its relationship to others. 


The afterwaves of the preceding beat are useful to 
determine where the baseline should be drawn. 

The normal and abnormal characteristics of the 
H, I, J, K and HK waves are discussed. Low ampli- 
tude of pattern may occur where the cardiac output 
is low and/or ventricular musculature is weak. 
Irregularity and indefinitiveness of pattern indicate 
serious impairment of ventricular function, as may 
occur with cardiac infarction, failure, periocarditis 
or myocarditis. Increased respiratory variation oc- 
curs with angina pectoris. 

Harris 


deLalla, V., Jr., and Brown, H. R.: Respiratory 

Variation of the Ballistocardiogram. Am. J. Med. 

9: 728 (Dec.), 1950. 

When simultaneous respiration and ballistocardio- 
gram tracings are recorded in a normal subject, the 
height of the IJ stroke will increase with inspiration 
and decrease with expiration. The authors present a 
discussion of the normal variation and certain evi- 
dence to show that an abnormal (increased) vari- 
ation may be associated with a diminution of the 
pulmonary blood pool. Increased repiratory vari- 
ations were found in patients with angina pectoris 
and in hypertensive patients following bilateral 
dorsal sympathectomy, as well as in patients with 
emphysema. The decrease in the pulmonary pool 
could be caused either by increased intrapulmonary 
pressure on expiration, or by an increase in the 
peripheral and splanchnic blood pools such as 
occurs following a bilateral dorsal sympathectomy. 
In certain cases coronary insufficiency might be 
secondary to a critically low left ventricular output 
‘saused by an increased peripheral pooling and a 
consequent decreased pulmonary pool. 

Harris 


Henderson, A. B.: Sickle Cell Anemia. Am. J. 

Med. 9: 757 (Dec.), 1950. 

Fifty-four cases of sickle cell anemia are reviewed. 
Anemia, pain, fever, and jaundice associated with 
cardiac murmurs in a Negro patient usually sug- 
gested the diagnosis of sickle cell anemia. The 
presence of direct-reacting serum bilirubin suggested 
hepatic involvement and enlarged tender livers were 
frequently found. 

Roentgenologic examination of 39 patients re- 
vealed 27 patients with enlarged hearts. In 9 patients 
the typical mitral configuration of rheumatic heart 
disease was observed; the others had generalized 
heart enlargement or left ventricular enlargement. 
Significant variations in size of the heart with a 
return to normal were observed in 3 patients. Mitral 
systolic murmurs were heard in 20 cases; pulmonic 
systolic murmurs in 5; aortic systolic murmurs in 
2; and mitral diastolic murmurs in 5. The electro- 
cardiogram showed myocardial ischemia in 12 
patients. Hematologic studies indicated continued 
hyperactivity of the bone marrow and a disap- 
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pearance of the symptoms without persistent ele 
vation of the erythrocyte count. The author con- 
demned the routine administration of blood except 
in severe cases because of the frequency of blood 
transfusion reactions and the lack of evidence of 
prolonged benefit to the total circulating erythrocyte 
count. 
HaRRIs 


Fenichel, R. L., Watson, J., and Eirich, F.: Electro- 
phoretic Studies of the Plasma and Serum Pro- 
teins in Sickle Cell Anemia. J. Clin. Investigation 
29: 1620 (Dec.), 1950. 

Serum and plasma proteins were studied electro- 
phoretically in 15 cases of sickle cell anemia and in 
one case of sickle cell trait. Hypoalbuminemia was 
present in 13, hypergammaglobulemia in 12, and 
elevated beta globulin in 3 cases of the disease. The 
protein values were normal in the case of sickling 
trait. Fibrinogen was elevated in 8 of 10 cases. 

The authors believe these are nonspecific changes 
and probably due to the general disease processes 
with tissue breakdown, particularly in the liver. 

WaAIFE 


Pastor, B. H., Sloane, N. G., and Goldburgh, H. C.: 
Disseminated Lupus Erythematosus in the Male. 
Report of Five Cases. New England J. Med. 
244:81 (Jan.), 1951. 

In contrast to most reports which have considered 
disseminated lupus erythematosus to be a diffused 
disease of the collagen system occurring almost 


exclusively in young adult women, the authors found 
10 cases in males of a total of 36 seen at the Phila- 
delphia General Hospital since 1936. Five of these in 
whom there was pathologic confirmation of the 
diagnosis are presented in detail. These patients 
illustrated the commonly accepted clinical and path- 
ologie findings of the disease. 
SAGALL 


Benttson, E.: Affection of the Heart in Toxo- 

plasmosis. Cardiologia 17: 289, 1950. 

A 22 year old female laboratory technician who 
worked with living toxoplasma parasites, complained 
of lassitude, headache and fever up to 41 C. A 
maculopapular exanthema and small tender lymph 
nodes were found, particularly in the neck. Tests for 
toxoplasma infection were positive. The electro- 
cardiogram revealed low T waves in the standard 
leads and in the CF leads in positions 6 and 7. 
Substernal pain and oppression appeared, and the 
electrocardiographic changes were progressive. They 
gradually disappeared after six months, but op- 
pression and shortness of breath on exertion per- 
sisted. 


SCHERF 
Nylin, G., DeFazio, V., and Marsico, F.: The 


Hypoxemia Test: An Analysis of 1130 Tests. 
Cardiologia 17: 191, 1950. 


The author presents an analysis of the results 
obtained in 1130 hypoxemia tests, performed on 
1103 subjects. Both normal subjects and patients 
with coronary heart disease breathed a 9 per cent 
oxygen mixture in nitrogen for 10 minutes while 
electrocardiograms were taken before, during, and 
after the test. Of 136 patients in whom the diagnosis 
of angina pectoris was reasonably certain, onl) 
30.8 per cent showed positive hypoxemia tests ac 
cording to the criteria of Levy and associates. In 
patients where no suspicion of coronary artery) 
disease existed, 4.5 per cent showed positive results 

While it is recognized that a negative hypoxemi: 
test does not rule out coronary artery disease, fron 
these results it appears that a positive hypoxemia 
test does not always mean organic coronary disease 
but may be only an expression of functional coronary 
insufficiency. Among the factors which might modify 
coronary adequacy are the oxygenation of the blood 
flowing in the coronary vessels, the diameter of the 
arteries, and the functional state of the myocardium 
The latter is influenced by neurogenic and humora) 
regulation. 

The relatively low percentage of positive tests 
in the group with angina pectoris is a result of the 
rigid selection of patients, excluding those with 
congestive heart failure, and those with previous 
electrocardiograms showing changes due to an in 
farction or marked ‘“‘coronary insufficiency.” 

Apart from one case which showed a typical 
vasovagal syndrome (fall of blood pressure, pallor, 
and sweating) who promptly recovered after therapy. 
only occasional minor disturbances such as head 
ache and palpitation were noted. No serious dis 
turbances resulted from this test. The authors believe 
this is due to the criteria for the selection of patients 
and to the promptness with which the test was in 
terrupted at the first appearance of such reaction. 

WAIFE 


Nylin, G.: Studies of the Changes in the Amount of 
the Residual Blood of the Heart in Man. Cardio 
logia 17: 251, 1950. 

The volume of the heart is determined by radiog 
raphy and a modified Kahlstorf formula. Erythro 
cytes labelled with radioactive phosphorus are in 
jected intravenously and the activity of the red 
cells of arterial blood samples, drawn at fixed inter- 
vals, is determined. Dilution curves are obtained. 
In cases of dilatation of the heart the dilution curves 
are changed because the labelled cells have to mix 
with the increased amount of residual blood and they 
appear with delay in the arteries. 

The author concludes that there is probably a 
small amount of residual blood even in the healthy. 
The amount of residual blood increases markedly in 
patients with cardiac dilatation. 

SCHERF 








AMERICAN HEART ASSOCIATION, INC. 


1775 Broapway, New York 19, N. Y. 


Telephone Plaza 7-2045 


GRANTS-IN-AID 

Applications for American Heart Associ- 
ation Research Grants-in-Aid to qualifying 
institutions, including grants to basic science 
studies not directly related to the cardiovas- 
cular field, should be filed before the dead- 
line, December 1, 1951. Information and 
forms may be obtained from the Medical 
Director. 


ANNUAL MEETING 


The Twenty-Eighth Annual Meeting and 
‘Twenty-Fifth Scientific Sessions of the Associa- 
tion will be held at the Hotel Statler, Cleve- 
land, Ohio, April 18-20, 1952. All those plan- 
ning to attend should make room reservations 
directly with the Hotel Statler, at the earliest 
possible date. 


RESEARCH PROGRAM 


The Association has made a total of 95 re- 
search awards during the past fiscal year for 
studies to be conducted in the 1951-52 
academic year. A total of 60 grants-in-aid to 
institutions was recently approved, in the 
amount of $311,912. Ten Established Investi- 
gatorships in the amount of $55,000, and 24 
Fellowships in the amount of $90,650 were 
awarded earlier in the year. In addition, $21,100 
was allocated to the new Career Investigator 
program. 

Altogether, a total of $478,662 was allotted by 
the National Office during the past fiscal year 
for research studies, entirely apart from grants 
made by affiliated heart associations as part of 
their local programs. This compares with 
$416,386 appropriated by the National Office 
in 1949-50, and $225,833 in 1948-49. 


RESIDENCY TRAINING 


The Scientific Council has approved the co- 
operation of the Subspecialty Board on Cardio- 


vascular Disease in advising the Conference 
Committee on Graduate Training in Medicine 
of the American Medical Association, American 
College of Physicians, and American Board of 
Internal Medicine on cardiovascular residency 
training programs. 

John J. Sampson, M.D., San Francisco, 
Chairman of the Board, announced that two 
expired memberships had been filled by Howard 
Wakefield, M.D., Chicago, and Willard R. 
Wirth, New Orleans, who will serve until 1956. 


COMMITTEE ON ANTICOAGULANTS 


The Committee on Anticoagulants, under the 
Chairmanship of Irving 8. Wright, M.D., New 
York, has reported that during the past several 
years, more than 100 technicians from nearly 
as many different hospitals and medical insti- 
tutions have been trained at its central labora- 
tory in the accurate determination of clotting 
and prothrombin times, and there is a standing 
invitation to continue this opportunity for tech- 
nicians of recognized institutions and labora- 
tories. 

The Committee served as advisory consult- 
ants during the past year in the setting up of a 
training program for technicians in these meth- 
ods at other centers. The U. S. Public Health 
Service has inaugurated a technician-training 
program at the Newton-Wellesley Hospital in 
Massachusetts, and new centers are planned in 
Florida, Puerto Rico, North Carolina, and 
Utah. 


HEART BULLETIN 

The Association is cooperating with the Na- 
tional Heart Institute of the U. S. Public 
Health Service in developing plans for a bi- 
monthly Heart Bulletin designed particularly 
for the physician in general practice. The bul- 
letin will be published by the Medical Arts 
Publishing Foundation of Houston, which also 
publishes The Cancer Bulletin and the Psychi- 
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atric Bulletin. The Foundation is a nonprofit 
public service organization affiliated with the 
University of Texas. The first issue of The 
Heart Bulletin, which will not duplicate any 
other publication of the Association, is sched- 
uled for January 1952. Details regarding sub- 
scriptions will be available at a later date. 
RESEARCH GRANTS AND 
FELLOWSHIPS 

Applications for 1952 grants in aid of research 
on cardiovascular problems will be received 
by the Life Insurance Medical Research Fund 
up to November 15, 1951. Support is available 
for physiologic, biochemical, and other basic 
research which bears on cardiovascular prob- 
lems, as well as for clinical investigation in this 
field. Preference is given to fundamental re- 
search. 

Applications for postdoctoral fellowships for 
training in research in 1952-53 will also be 
received by this Fund up to November 1, 1951. 
Preference will be given to candidates who wish 
to work in the broad field of cardiovascular 
function or disease and to candidates who wish 
to work in institutions other than those in 
which they have obtained most of their experi- 
ence. A number of predoctoral fellowships for 
basic training in research will also be awarded. 

Further information and application blanks 
may be secured from the Scientific Director, 
Life Insurance Medical Research Fund, 2 East 
103 Street, New York 29. 


RHEUMATIC FEVER SYMPOSIUM 


The Minnesota Heart Association is sponsor- 
ing a Symposium on Rheumatic Fever to be 
presented at the University of Minnesota on 
November 29, 30, and December 1, 1951. Inter- 
ested physicians, teachers, and investigators 
are invited to attend. There will be no tuition 
or registration fee. Among those who will par- 
ticipate are Dr. T. Duckett Jones, New York; 
Dr. Francis Schwentker, Baltimore; Dr. Chand- 
ler A. Stetson, Cheyenne, Wyoming; Dr. 
Charles Rammelkamp, Cleveland; and Dr. 
Lowell Rantz, San Francisco. Members of the 
faculty of the University of Minnesota Medical 
School and the Mayo Foundation also will 
participate. 


TRAVELING SCHOLARSHIPS 


The Committee on Fellowships and Awards 


of the American College of Physicians is receiv- 
ing applications, up to October 15, 1951, for 
two A. Blaine Brower Traveling Scholarships 


during 1952. The Scholarship involves payment 
of expenses in whole or in part for ‘‘a deserving 
or promising young physician for attendance 
for a short period of time for observation and 
study at an outstanding institution of medical 
teaching, research or practice.” Further details 
may be obtained from E. R. Loveland, Ex- 
ecutive Secretary, 4200 Pine Street, Philadel- 
phia 4. 











AMERICAN SOCIETY FOR THE STUDY | 


OF ARTERIOSCLEROSIS 


PROGRAM OF THE ANNUAL MEETING TO BE HELD IN 
CHICAGO, ILL., NOVEMBER 4-5, 1951 


NOVEMBER 4, 1951 


MorNING 
(G. Lyman Duff, Presiding) 


8:30-9:30 
Registration 

9:30-9:40 
Opening Session 

40-9255 
1. INTENSIFICATION OF CHOLESTEROL-IN- 
DUCED ATHEROGENESIS BY CORTISONE IN 
THE Cuick. J. Stamler, R. Pick and L. N. 
Katz, with the technical assistance of C. 
Bolene-Williams and P. Johnson, Cardio- 
vascular Department, Medical Research 
Institute, Michael Reese Hospital, Chicago, 
Ill. 

9:55-10:00 
Discussion 

10:00-10:15 
2. Tue Errect or Tota ADRENALECTOMY 
ON HyPERCHOLESTEROLEMIA AND ATHERO- 
SCLEROSIS IN CHOLESTEROL-FED RABBITS. 
Aaron Kellner and James W. Correll, 
Department of Pathology, the New York 
Hospital-Cornell Medical Center, New York, 
mn. ¥. 

10:15-10:20 
Discussion 

10:20-10:35 
3. Errect OF EXPERIMENTAL RENAL Hy- 
PERTENSION ON EXPERIMENTAL CHOLES- 
TEROL ATHEROSCLEROSIS. W. G. Moss, J. 
P. Kiely, J. B. Neville, J. E. Bourque and 
G. E. Wakerlin, Department of Physiology, 
University of Illinois College of Medicine, 
Chicago, II. 

10:35-10:40 


Discussion 


10:40-10:55 , 
4. ARTERIOSCLEROTIC LESIONS IN AREAS OF 


VASCULAR INJURY IN HYPERCHOLESTEROLE- 
mic Rassits. Frank B. Kelly, Jr., C. Bruce 
Taylor, George M. Hass and John M. 
Craig, Rush Department of Pathology, 
Presbyterian Hospital, and the University 
of Illinois College of Medicine, Chicago, Ill. 
10:55-11:00 
Discussion 


11:00-11:15 
5. MoLecuLtaR SizE AND PARTICLE SIZE 
AS Factors IN THE DeposiITION oF LIPIDs. 
Charles A. Woerner, Department of Anat- 
omy, School of Medicine, University of 
Louisville, Louisville, Ky. 

11:15-11:20 
Discussion 


11:20-11:35 
6. THe STATUS OF THE RELATIONSHIP OF 
THE CHOLESTEROL-BEARING LIPOPROTEINS 
OF SERUM TO ATHEROSCLEROSIS IN THE 
HuMAN AND EXPERIMENTAL ANIMAL. John 
W. Gofman, Hardin B. Jones, Thomas P. 
Lyon, Frank Lindgren and _ Beverly 
Strisower, Division of Medical Physics, 
Donner Laboratory, University of Cali- 
fornia, Berkeley, Calif. 

11:35-11:40 
Discussion 


11:40-11:55 
7. Stupies on Fat Merasorism USING 
Tracer LEVELS oF I'*', Bland Giddings and 
Russell L. Holman, Department of Pathol- 
ogy, Louisiana State University School of 
Medicine, New Orleans, La. 

11:55-12:00 
Discussion 
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AFTERNOON 
(E. Cowles Andrus, Presiding) 
2:00-2:30 3:50-4:05 
Business Session 12. SEROLOGICAL STUDIES ON ATHEROSCLE 
2:30-2:45 rosIs. Saul P. Baker, Eric Ogden and Jackso: 
8. Errect oF SMALL Doses or HEPARIN IN W. Riddle, Departments of Physiology an 
INCREASING THE TRANSLUCENCE OF PLASMA Bacteriology, Ohio State University Col 
DURING ALIMENTARY LIPEMIA. STUDIES IN lege of Medicine, Columbus, Ohio. 
NORMAL INDIVIDUALS AND PATIENTS WITH 4:05-4:10 
ATHEROSCLEROSIS. William J. Block, Jr., Discussion 
Frank D. Mann and Nelson W. Barker, 
Divisions of Clinical Laboratories and Medi- 710-4:25 
cine, Mayo Clinic and Mayo Foundation, 13. Serum Lipip AND ProTEIN FRACTIONS 
Rochester, Minn. V. THe Errect or Hyper.ipEMIA AN) 
2:45-2:50 HyYPERCHOLESTEROLEMIA ON THE ELECTRO 
Discussion PHORETIC PATTERN OF THE PROTEINS. Irving 
Leinwand, Bellevue Medical Center, Pos 
2:50-3:05 Graduate Medical School, New York Uni 


9. THE INFLUENCE OF HEPARIN ON LIPo- versity, New York, N. Y. 
PROTEIN METABOLISM AND ATHERO- -25-4:30 

SCLEROSIS. Dean M. Graham, Thomas P 
Lyon, John W. Gofman, Hardin B. Jones, 
Alexander Yankley and John Simonton, 4:30-4:45 

Division of Medical Physics, Donner Labo- 14. CrrcuLtatory Factors IN THE PaTHOo 
ratory, University of California, Berkeley, GENESIS OF EXPERIMENTAL ARTERIAL 


Discussion 


Calif. Necrosis. L. L. Waters and G. I. deSuto- 
3:05-3:10 Nagy, Department of Pathology, Yale 

Discussion University School of Medicine, New Haven, 
3:10-3:25 Conn. 

10. Serum Liprips DuRING THE STRESS OF 4:45-4:50 

Acute Myocarprat Inrarctrion. David Discussion 

Adlersberg, Stanley R. Drachman and Louis 


4:50-5:05 
. Schaefer, Mount Sinai Hospital, New te . . 
E . chae a pital, Ne 15. THe Errect oF ESTROGENS UPON THE 
York, N. Y. 


3:95-3:30 Serum Lipips AND LipopROTEINS OF MALE 

3:20-0: . 
Dj ; AND FEMALE Patients. Hyman Engelberg, 
iscussion : “ 
Samuel J. Glass and Raymond Marcus, 


3:30-3:45 Cedars of Lebanon Hospital, Los Angeles, 
11. TRANSFUSION TRANSFER OF EXPERI- Calif. 
MENTAL ATHEROSCLEROSIS. Joseph H. Brag- 5:05-5:10 
don, National Institutes of Health, U. S. Discussion 
Public Health Service, Bethesda, Md. 
3:45-3:50 7:30-10:30 
Discussion Annual Dinner 


NOVEMBER 5, 1951 
MorninG 
(Russel L. Holman, Presiding) 
9:00-9:20 9:20-9:35 
Opening Session 16. THe INHIBITION OF CoRONARY ATHERO- 
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MATOSIS IN CHOLESTEROL-FED Cuicks RE- 

cEIvING Estrogens. R. Pick, J. Stamler, 

S. Rodbard and L. N. Katz, Cardiovascular 

Department, Medical Research Institute, 

Michael Reese Hospital, Chicago, IIl. 
(1:35-9:40 

Discussion 


(40-9: 55 
17. Toe Errect or ALTERED Lipip METAB- 
OLISM ON EXPERIMENTAL LESIONS OF THE 
Coronary Arteries. G. I. deSuto-Nagy 
and L. L. Waters, Department of Pathol- 
ogy, Yale University School of Medicine, 
New Haven, Conn. 

9:55-10:00 
Discussion 


10:00-10: 15 
18. THe Errect oF CHOLINE ON EXPERI- 
MENTAL CHOLESTEROL ATHEROSCLEROSIS 
IN THE Rassirt. G. Lyman Duff and George 
F. Meissner, Department of Pathology, 
Pathological Institute, McGill University, 
Montreal, Quebec, Canada. 

10:15-10:20 
Discussion 


10:20-10:35 
19. THe VARIABILITY OF THE SERUM LIPID 
DETERMINATION. V. L. Andrews, A. George 
Reifman and Paul B. Roen, Clinic for the 
Study of Arteriosclerosis, Hollywood Pres- 
byterian Hospital, Los Angeles, Calif. 
10:35-10:40 
Discussion 


10:40-10:55 
20. SeruM LirpoGRAM STUDIES WITH LIPO- 


TROPES IN CoRONARY ATHEROSCLEROSIS. 
Lester M. Morrison, with the technical 
assistance of E. Wolfson and M. Zwierlein, 
Los Angeles County Hospital and the De- 
partment of Internal Medicine, College of 
Medical Evangelists, Los Angeles, Calif. 
10:55-11:00 
Discussion 


11:00-11:15 
21. MorpPHOLOGIC SIMILARITIES AND Dis- 
SIMILARITIES BETWEEN HuMAN ATHERO- 
SCLEROSIS AND EXPERIMENTAL ATHERO- 
SCLEROSIS IN THE Raspsit. O. J. Pollak, 
Department of Experimental Pathology, 
Quincey City Hospital, Quincy, Mass. 
11:15-11:20 
Discussion 


11:20-11:35 
22. THe SureicaL TREATMENT OF AN- 
EURYSMS OF THE ABDOMINAL AorTA. Geza de 
Takats and Millard H. Marshall, De- 
partment of Surgery, University of Illinois 
College of Medicine, Chicago, IIl. 
11:35-11:40 
Discussion 


11:40-11:55 
23. PatHoLogic FEATURES oF AcuTE Myo- 
CARDIAL INFARCTION WITH AND WITHOUT 
AcuTE Coronary Occiusion. R. Drew 
Miller, Howard B. Burchell and Jesse E. 
Edwards, Section of Pathologic Anatomy 
and Division of Medicine, Mayo Clinic and 
Mayo Foundation, Rochester, Minn. 
11:55-12:00 
Discussion 


AFTERNOON 


(Nelson W. Barker, Presiding) 


1:00-2:15 
24. HEREDITY IN ARTERIOSCLEROSIS. Paul 
B. Roen, Ernest W. Townsend and John 
W. Perry, Clinic for the Study of Arterio- 
sclerosis, Hollywood Presbyterian Hospital, 
Los Angeles, Calif. 

2:15-2:20 
Discussion 


2:20-2:35 
25. A New SratisticaL APPROACH TO 
CONSTITUTIONAL Factors IN HYPERTENSION 
AND Coronary TuHRomBosis. Dean F. 
Davies, Department of Internal Medicine, 
Washington University School of Medicine, 
St. Louis, Mo. 

2:35-2:40 
Discussion 
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2:40-2:55 
26. MrcHANISMS OF HYPERTENSIVE VASCU- 
LAR DiskEase. G. M. Masson, A. C. Corcoran 
and I. H. Page, Research Division of the 
Cleveland Clinic Foundation and Frank E. 
Bunts Educational Institute, Cleveland, 
Ohio. 

2:55-3:00 
Discussion 


3:00-3:15 
27. Errect OF A CHOLESTEROL-FREE, Low- 
Fat Drier Upon THE Serum LIPIDS IN 
PATIENTS WITH EssENTIAL HYPERTENSION. 
Frederick T. Hatch and Forrest E. Kendall, 
Research Service, First (Columbia Uni- 
versity) Division, Goldwater Memorial Hos- 
pital, and the Departments of Medicine and 
Biochemistry, College of Physicians and 
Surgeons, Columbia University, New York, 
N. Y. 

3:15-3:20 
Discussion 

3:20-3:35 
28. NEPHROTOXIC AND ANGIOTOXIC SuB- 
sTaANCES. Rudolf Altschul, Department of 


Anatomy, University of Saskatchewan, Sas- 

katoon, Saskatchewan, Canada 
3:35-3:40 

Discussion 


3:40-3:55 
29. Water So.usintity oF Aortic Meptrai 
PAS-Positive Marertiats. J. F. A. Me 
Manus and L. 8. Graham, Jr., Departmen 
of Pathology, University of Virginia Schoo 
of Medicine, Charlottesville, Va. 
3:55-4:00 


Discussion 


4:00-4:15 
30. MrTHONIUM COMPOUNDS IN THE TREAT- 
MENT OF ESSENTIAL BENIGN AND MALIc- 
NANT HYPERTENSION BEFORE AND AFTER 
SyMPATHECTOMY. Joseph B. Wolffe, Wolffe 
Clinic, Philadelphia, and the Valley Forg« 
Heart Institute and Hospital, Fairview 
Village, Pa. 

4:15-4:20 
Discussion 


4:20-4:35 
31. ARTERIOSCLEROTIC HEART DISEASE IN 
DiasBetes Metuirus. Irving M. Liebow, 
Herman K. Hellerstein and Max Miller, 
Department of Medicine, Western Reserve 
University, Cleveland, Ohio. 

4:35-4:40 
Discussion 


4:40-5:00 |! 
Closing Session 


TO BE READ BY TITLE 


32. Diet AND Serum Lipip LeEvets. Paul B. 
Roen, Ernest W. Townsend, John W. Perry, 
V. L. Andrews and A. George Reifman, Clinic 
for the Study of Arteriosclerosis, Hollywood 
Presbyterian Hospital, Los Angeles, Calif. 


33. STUDIES OF THE DyNAMIC TRANSFER OF 
IsoToPICALLY LABELED CONSTITUENTS OF 
Serum Lipoprorerns. Hardin B. Jones, Max 
Biggs, Dean Graham, Don Rosenthal, John 
Gofman and David Kritchevsky, Division of 
Medical Physics, Donner Laboratory, Uni- 
versity of California, Berkeley, Calif. 


34. Errects oF CoRTISONE AND ACTH on 
SERUM Lipips IN ANIMALS: PossIBLE RE- 
LATIONSHIP TO EXPERIMENTAL ATHEROSCLE- 
rosIs. David Adlersberg, Stanley R. Drachman 


and Louis E. Schaefer, Mount Sinai Hospital, 
New York, N. Y. 


35. THe BerENEFICIAL EFFECTS OF INTER- 
MITTENT DirTARY REGIMENS ON EXPERIMEN- 
TAL HyPERCHOLESTEREMIA AND ATHEROMA- 
tosis. 8. Rodbard, C. Bolene-Williams, R. 
Pick and L. N. Katz, Cardiovascular De- 
partment, Medical Research Institute, Michael 
Reese Hospital, Chicago, Ill. 


36. Serum Lipip Stupres IN CEREBRAL 
ARTERIOSCLEROSIS. Lester M. Morrison, Los 
Angeles County Hospital and Department of 
Internal Medicine, College of Medical Evan- 
gelists, Los Angeles, Calif. 


37. CHANGES IN HuMAN Serum LIPIDS AND 
LIPOPROTEINS ACCOMPANYING CHANGES IN 
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‘THYROID Function. Hyman Engelberg, Hardin 
3. Jones and John Gofman, Cedars of Lebanon 
lospital, Los Angeles, and Division of Medical 
*hysics, University of California, Berkeley, 
‘alif. 


38. Serum Lierp AND PROTEIN FRACTIONS. 
V. Primary ESsseNTIAL XANTHOMATOSIS. 
rving Leinwand, Bellevue Medical Center, 
ost Graduate Medical School, New York 
Iniversity, New York, N. Y. 


99. WatTEeR INSOLUBLE 1,2-GLycoLs IN D1A- 
3ETIC AND NONDIABETIC HuMmAN AorrtTaAs. 
.. 8. Graham, Jr., and J. F. A. McManus, 
Department of Pathology, University of Vir- 
ginia School of Medicine, Charlottesville, Va. 


10. SEARCH FOR CHOLESTEROLASE AND 
CHOLESTEROL ESTERASE IN HuMAN EryTHRO- 
cytes. O. J. Pollak and B. Wadler, Depart- 
ment of Experimental Pathology, Quincy 
City Hospital, Quincy, Mass. 


41. A New Procepure FoR DETERMINING 
THE DIFFUSION CONSTANT OF GASES THROUGH 
TissuE MeEemMBRANES. John Esben Kirk and 
Svend G. Johnsen, Division of Gerontology, 
Washington University School of Medicine, 
St. Louis, Mo. 


42. THe VascuLocrapH, A New DevicrE FoR 
THE Karty DETECTION OF IMPAIRMENT OF THE 
ELASTICITY OF THE ARTERIAL WALL. Henry 
Lax, Maimonides Hospital, Brooklyn, N. Y. 


43. INTERRELATIONS OF PLASMA AND TISSUE 
CHOLESTEROL. R. Gordon Gould, Donald J. 
Campbell, Frank B. Kelly, Jr., C. Bruce 
Taylor, Jo Anne Hagerman and Irving Warner, 
Rush Departments of Biochemistry and Pa- 
thology, The Presbyterian Hospital, Chicago, 


~ i. 


44. StupIES ON CHOLESTEROL METABOLISM. 
Errect oF Dirt on Strerot EXCRETION. 
Liese Lewis Abell and Forrest E. Kendall, 
Research Service, First (Columbia University) 
Division, Goldwater Memorial Hospital, and 
the Department of Biochemistry, College of 
Physicians and Surgeons, Columbia University, 


New York, N. Y. 


45. THE ErFrect oF STRESS UPON THE 
CoRONARY ARTERIES OF CHICKENS. J. C. 
Paterson, Charles A. Mitchell and K. M. 
Gartley, Department of Medical Research, 
University of Western Ontario, London, On- 
tario, Canada. 
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ABSTRACTS 


1. INTENSIFICATION OF CHOLESTEROL-INDUCED ATHEROGENESIS BY CORTISONE IN THE CHICK 


J. Stamler, R. Pick and L. N. Katz, Chicago, IIl. 
with the technical assistance of C. Bolene-Williams and P. Johnson 


Cardiovascular Department, Medical Research Institute, Michael Reese Hospital 


Since chronic exhibition of cortisone in man 
may effect a significant increase in plasma 
cholesterol concentration and may thereby in- 
tensify atherogenesis, we undertook to study 
the influences of this adrenal steroid in the 
cholesterol-fed chick. 

Forty-eight one day old cockerels were placed 
on a diet of chick starter mash supplemented 


- 


with 0.5 per cent cholesterol plus 5 per cent 


cottonseed oil ($ C-O diet). At one week of age, 
24 birds began to receive a single daily intra- 
muscular injection of 1.5 mg. cortisone sus- 
pended in saline. The dosage of cortisone was 
increased stepwise to a maximum of 15 mg. 
daily during the latter weeks of the experiment. 

The principle finding in the cortisone-treated 
cockerels sacrificed at 12 weeks of age was a 
significantly greater incidence and severity of 
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gross cholesterol-induced aorta and coronary 
atherosclerosis. This intensified atherogenesis 
supervened, although hypercholesteremia, phos- 
pholipemia and cholesterol:lipid phosphorus 
ratios were essentially identical in the steroid- 
treated and control groups. 

Cortisone also effected: (1) decreased body 
weights, despite normal levels of feed intake; 
(2) increased comb indexes and testes weights; 


(3) slight inconstant elevations of blood- 
pressure. The two groups had essentially 
similar thyroid and adrenal weights, fluid 
intakes, and plasma levels of glucose, sodium 
and potassium. 

The data of this experiment indicate that 
cortisone definitely potentiates atherogenesis 
when accompanied by an atherogenic level of 
cholesterol intake. 


2. THe Errect or TorAL ADRENALECTOMY ON HYPERCHOLESTEROLEMIA AND ATHEROSCLEROSIS 
IN CHOLESTEROL-FED RABBITS 


Aaron Kellner and James W. Correll, New York, N. Y. 


Department of Pathology, the New York Hospital-Cornell Medical Center 


The observation that rabbits with hyper- 
cholesterolemia and atherosclerosis had un- 
usually large and lipid-rich adrenal glands, and 
the further observation that injections of 
cortisone into human beings and experimental 
animals resulted in significant elevations of 
blood cholesterol content, led to a consideration 
of the possible role adrenal hormones might 
play in the pathogenesis of atherosclerosis. 
An experiment was performed in which a 
group of rabbits was subjected to complete 
bilateral adrenalectomy and then fed a high 
cholesterol diet for periods of two to five 
months. The animals were maintained in good 
health by the daily injection of small amounts 
of dexosycorticosterone acetate (DCA) in 
oil and by the addition of sodium chloride to 
their drinking water. The completeness of the 


adrenalectomy was verified at the end of the 
experiment by the fact that every animal died 
within four weeks after removal of salt and 
cessation of desoxycorticosterone acetate in- 
jections. The adrenalectomized rabbits fed 
cholesterol developed marked elevations of their 
blood cholesterol levels, though these were in 
general about 30 per cent lower than those of 
normal controls fed comparable amounts of 
cholesterol. All the adrenalectomized rabbits, 
however, developed atherosclerosis of the 
aorta which in extent, severity, and mor- 
phological characteristics did not differ from 
that of the controls. It was concluded, there- 
fore, that, apart from the salt and water regu- 
lating functions of DCA, the hormones of the 
adrenal glands were not essential for the 
development of experimental atherosclerosis in 
the rabbit. 


3. Errect oF EXPERIMENTAL RENAL HYPERTENSION ON EXPERIMENTAL CHOLESTEROL 
ATHEROSCLEROSIS 


W. G. Moss, J. P. Kiely, J. B. Neville, J. E. Bourque and G. E. Wakerlin, Chicago, III. 


Department of Physiology, University of Illinois College of Medicine 


To clarify the controversial role of hyper- 
tension in the genesis and progress of arterio- 
sclerosis, eleven pairs of dogs, one normotensive 
and one hypertensive, were placed on the 
atherosclerosis-producing diet of Steiner 
and Kendall. These pairs of dogs were sacrificed 
after two and one-half to nine and one-half 
months. The degree of atherosclerosis was 


graded 0 for no lesions to five plus for numerous 
and severe lesions. Eight normotensive dogs 
were graded zero; 2, one plus; and 1, four plus. 
Two hypertensive dogs were graded zero; 
1, one plus; 2, two plus; 1, three plus; 2, four 
plus; and 3, five plus. There was fair but im- 
perfect correlation between the severity of ‘the 
lesions and (1) time, (2) hypercholesterolemia, 
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ind (3) average mean blood pressure. A better 
orrelation existed between the severity of the 
esions and the product of these factors. Four 
f the 6 dogs graded four and five plus had 
1umerous atherosclerotic lesions in their renal 
uteries and showed sharp increases in their 
iypertensions one or more months before 


sacrifice. This further narrowing of the renal 
arteries probably caused the exacerbation in the 
hypertensions. Studies on the mineral content 
of the arteries and the plasma concentration of 
lipoproteins of the S; 10-20 group are in 
progress. 


4. ARTERIOSCLEROTIC LESIONS IN AREAS OF VASCULAR INJURY IN HYPERCHOLESTEROLEMIC 
RABBITS 


Frank B. Kelly, Jr., C. Bruce Taylor, George M. Hass and John M. Craig, Chicago, Ill. 


Rush Department of Pathology, Presbyterian Hospital and the University of Illinois College of Medicine 


The combination of induced intimal pro- 
liferation secondary to medial degeneration and 
localized lipid deposition from prolonged hy- 
percholesterolemia was studied in old and 
young rabbits. The daily intake of cholesterol 
enriched food was adjusted so that each animal 
received 0.06 Gm. of cholesterol per pound of 
body weight during the experiment. Blood 
cholesterol levels were determined at monthly 
intervals. After 22 weeks on the diet localized 
lesions of the abdominal aorta and renal artery 
were produced using the freezing procedure of 
Taylor and co-workers (Arch. Path. 49: 
623, 1950). Animals were sacrificed at inter- 
vals from 2 to 52 weeks after freezing. Com- 


plete gross and microscopic studies were made. 
The vascular lesions were serially sectioned. 
The frozen areas of the vessels underwent the 
same sequence of medial degeneration and 
fibroelastic intimal regeneration as described 
by Taylor and associates. The lesions pre- 
disposed to a localized accumulation of lipids. 
With excessive lipid accumulation there was 
interference with intimal regeneration. The 
localization of lipids was conspicuous in the 
degenerated media of the renal artery but not 
in the media of the aorta. The importance of 
intact internal elastic membranes in preventing 
lipid infiltration of the degenerated media was 
apparent. 


5. MoLEcuLAR SizE AND PARTICLE S1zE AS Factors IN THE DEPOSITION OF LIPIDS 


Charles A. Woerner, Louisville, Ky. 


Department of Anatomy, School of Medicine, University of Louisville 


Lipids as triglycerides of fatty acids of two 
to twenty carbon atoms, and more complex 
lipids, were injected into guinea pigs as emul- 
sions of less than 0.0 » to more than 10 u. 
No fatty acids of less than twenty carbons 
were deposited. Triarachidonate was deposited 
to a moderate degree. Colloidal solutions of 
cholesterol were deposited only after the ad 
ministration of large amounts of Thorotrast. 

Emulsions of egg yolk intravenously caused 
the deposit of more lipid than any other sub- 


stance in this series. The oral administration of 
egg yolk produced more lipid deposition than 
any other substance. The addition of large 
amounts of purified cholesterol to the egg yolk 
did not increase the amount of lipid deposited. 

With the injection of large amounts of 
triglycerides the droplet size increased from less 
than 0.1 » to more than 10.0 » but the amount 
of lipid deposited was not increased. Emulsions 
of more complex lipids were deposited when the 
particle size was in the same range. 
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6. THe STATUS OF THE RELATIONSHIP OF THE CHOLESTEROL-BEARING LIPOPROTEINS 
oF SERUM TO ATHEROSCLEROSIS IN THE HUMAN AND EXPERIMENTAL ANIMAL 


John W. Gofman, Hardin B. Jones, Thomas P. Lyon, Frank Lindgren, and Beverly Strisower, 
Berkeley, Calit. 


Division of Medical Physics, Donner Laboratory, University of California 


The earlier observations implicating certain 
ultracentrifugally definable lipoproteins in the 
pathogenesis of atherosclerosis in the human 
and in certain experimental animals have been 
confirmed in extensive subsequent studies. In 
addition there has been clarification of the 
nature of the metabolic defect which leads to 
the presence of high levels of “abnormal” 
lipoproteins in serum of certain individuals. 
The defect may be classified as to degree of 
severity from the over-all lipoprotein spectrum 
observed. From several approaches evidence is 
now available as to the interrelationships of the 
various lipoproteins. It appears that the mole- 
cules of the high S; classes are progressively 


transformed into the lower Ss; classes in the 
course of fat and cholesterol metabolism. 

Follow-up studies over a one and one-half 
year period have shown that the level of the 
lipoproteins associated with atherosclerosis have 
prognostic significance in patients who have 
already experienced clinical manifestations of 
atherosclerosis. For example, recurrent myo- 
sardial infarctions occur earlier in those in- 
dividuals with coronary disease who maintain 
high levels of these lipoproteins. Second, those 
individuals whose levels are reduced by dietary 
restriction of fats and cholesterol show signif- 
icantly fewer recurrent infarctions than do 
those whose levels remain unaltered. 


7. Stupres oN Fat Merasouism Usinc Tracer LEVELS or [2!* 


Bland Giddings and Russell L. Holman, New Orleans, La. 


Department of Pathology, Louisiana State University School of Medicine 


Previous studies have shown that feeding a 
“standard high fat diet” for eight weeks or 
longer and then inducing “standard renal 
insufficiency” in any one of several ways 
regularly results in ‘‘typical arterial lesions” 
in mongrel dogs regardless of sex and age. 
Recent studies incriminate a ‘‘toxicomponent”’ 
present in certain lipid substances (notably 
creamery butter and cod liver oil) that can be 
inhibited or inactivated by hydrogenation, by 
saponification and by vitamin E—presumably 
unsaturated fatty acids. 


* These studies have been aided by grants from the 
Life Insurance Medical Research Fund. 


When the unsaturated fatty acids of butter 
were tagged with 1"! and fed during the last 
three weeks of the eight weeks of ‘standard 
high fat diet,’ the radioiodine proved to be 
labile and tended with time to become dis- 
sociated from its fat molecule, then excreted 
(mainly in the urine) or picked up by the 
thyroid. The remaining labile fat was widely 
disseminated throughout the body tissues in 
varying degrees, but the greatest amount was 
retained by “‘peri-axial’ fat (especially that 
about the aorta). Only small amounts were re- 
tained by the kidneys, spleen, and pancreas. 

The possible significance of these results will 
be discussed. 


8. Errect or SMALL Doses oF HEPARIN IN INCREASING THE TRANSLUCENCE OF PLASMA DURING 
ALIMENTARY LIPEMIA. STUDIES IN NORMAL INDIVIDUALS AND PATIENTS 
WITH ATHEROSCLEROSIS 


William J. Block, Jr., Frank D. Mann and Nelson W. Barker, Rochester, Minn. 


Divisions of Clinical Laboratories and Medicine, Mayo Clinic and Mayo Foundation 


Since Hahn’s observation in 1943 it has been 
known that intravenous heparin increases the 


translucence of plasma during alimentary 
lipemia. In view of recent reports as to the 
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ossible relationships between atherosclerosis 
ind the physicochemical state of blood lipids 
his study was conducted to learn whether or 
i1ot this peculiar effect of heparin occurred in 
qual degree in normal individuals and in- 
lividuals with atherosclerosis. Included in this 
study were tests on 20 normal females, 23 
1ormal males, and 27 atherosclerotic males 
arteriosclerosis obliterans and coronary scle- 
‘osis). Each was given 3 mg. of heparin in- 


travenously three hours following ingestion of 
a standard fat meal. Normal males developed a 
decrease in the translucence of plasma following 
the fat meal, which was significantly greater 
than that developed by normal females of the 
same age group. Male atherosclerotic patients 
tended to show much less clearing of plasma 
following heparin during alimentary lipemia 
than did normal male and female subjects. 


9. THE INFLUENCE OF HEPARIN ON LIPOPROTEIN METABOLISM AND ATHEROSCLEROSIS 


Dean M. Graham, Thomas P. Lyon, John W. Gofman, Hardin B. Jones, Alexander Yankley, and 
John Simonton, Berkeley, Calif. 


Division of Medical Physics, Donner Laboratory, University of California 


Heparin has proved to be a most profound 
agent in influencing lipoprotein metabolism, as 
measured by alterations in the ultracentrifugal 
lipoprotein spectrum. In both the experimental 
rabbit and the human, heparin causes a shift 
of lipoproteins from those of high S; rates into 
those of successively lower S¢ rates. The ob- 
servations indicate actual transformation of the 
high S; classes of lipoproteins into those of 
lower classes. For periods of hours and days (in 
some cases) a single injection of heparin has 
caused obliteration of the S¢ 20-100 molecules 
and a marked lowering of the S; 10-20 mole- 
cules in many humans showing high levels of 
these lipoproteins. Concomitantly there is an 
increase in concentration of molecules below 
Sy 10. 

When heparin is administered to rabbits 
concurrently being fed cholesterol, there is a 
marked retardation in the development of high 
levels of molecules of the S¢ 10-50 class of 


lipoproteins and a marked suppression of 
development of atherosclerosis. 

Heparin itself is not active in affecting 
lipoproteins in vitro. Following administration 
of heparin in vivo, however, the serum contains 
an “active principle” associated with the ul- 
tracentrifugal globulins which does alter the 
lipoprotein spectrum in vitro. 

Accompanying the alterations in lipoproteins 
observed in humans, those patients with severe 
angina pectoris demonstrated dramatic and 
uniform relief from this symptom for periods of 
several days following each heparin injection. 
The substitution of saline placebos caused a 
return of symptoms. The prolonged duration of 
relief from a single injection of 20 to 100 mg. of 
heparin would seem to militate against the 
effect on angina being related to the anti- 
coagulant action of heparin. Whether the 
effect is directly related to the lipoprotein 
alterations which accompany it is under study. 


10. SeruM LIPIDS DURING THE STRESS OF AcUTE MyocARDIAL INFARCTION 


David Adlersberg, Stanley R. Drachman, and Louis E. Schaefer, New York, N. Y. 


Mount Sinai Hospital 


In our previous studies in man, well defined 
‘thanges of serum lipids were demonstrated 
luring the administration of cortisone or 
idrenocorticotropic hormone (ACTH). Physi- 
‘al and emotional stress has been recognized as 
1 cause of adrenocortical stimulation, with 


effects similar, in part, to the action of these 
hormones. It seemed therefore profitable to 
study systematically the serum lipids during 
the course of acute myocardial infarction, a 
commonly accepted example of physical and 
emotional stress. 
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A group of patients with proved acute 
myocardial infarction was observed through- 
out their hospitalization and whenever possible 
after discharge from the hospital. In addition 
to the usual studies and eosinophile counts, 
serial determinations of serum lipids were per- 
formed. Serum cholesterols and esters were 
estimated by the Sperry-Schoenheimer method, 
phospholipids by the Sperry modification of 
the Fiske-Subarrow method and total lipids by 
the method of Bloor. The age of the patients 
varied from 25 to 82 years; the majority were 
men. 

The patterns of the serum lipids during 
acute myocardial! infarction and in the following 
weeks and months show considerable variations 
and are determined by a number of factors. 


The most important are: the patient’s age; 
the time interval between the date of the in- 
farction and the time of hospitalization; the 
extent and severity of the infarction, as esti- 
mated by electrocardiographic changes, the 
height and duration of fever, the erythrocyte 
sedimentation rate and the degree of stress 
evaluated by the drop of blood eosinophils; 
the background of familial hypercholesteremia 
proved by studies of close blood relatives 
“specially in the latter group, consisting mainly 
of young persons, considerable superimposec 
elevations of serum cholesterol were observe: 
during myocardial infarction with a tendency 
to return to lower levels during convalescence 
The relationship of the various serum lipic 
fractions was studied. The clinical importance 
of these observations will be discussed. 


11. TRANSFUSION TRANSFER OF EXPERIMENTAL ATHEROSCLEROSIS 


Joseph H. Bragdon, Bethesda, Md. 


National Institutes of Health, U. S. Public Health Service 


The suckling rabbit develops focal micro- 
scopic lipid deposits within the arterial intima. 
Identical lipid deposits are also found in the 
mature rabbit after a week or two of cholesterol 
feeding. When the hypercholesterolemic serum 
or plasma from a cholesterol-fed animal is 
injected intravenously into a control rabbit, 
the same arterial lesions may be seen in the 
recipient as early as five hours after injection. 
They are well-developed at 48 hours. Sudano- 
philic material appears focally both within the 
endothelial cells, and, in a more finely dis- 
persed form, within the intercellular matrix 
of the intima. 


When hypercholesterolemic plasma is centri- 
fuged for five hours in the preparative rotor of 
the ultracentrifuge at 42,000 revolutions per 
minute, over half the cholesterol and somewhat 
less than half of the phospholipids are con- 
centrated within the top few millimeters of the 
6 em. tube. When this fraction, emulsified in 
saline, is injected into a normal rabbit, no 
arterial lesions are produced, whereas injection 
of the infranatant material is followed by the 
appearance of typical lesions. This has been 
interpreted to indicate that specific macro- 
molecules are responsible for the lesions. 

Further fractionation studies will be re- 
ported. 


12. SEROLOGICAL STUDIES ON ATHEROSCLEROSIS 


Saul P. Baker, Eric Ogden and Jackson W. Riddle, Columbus, Ohio 


Departments of Physiology and Bacteriology, Ohio State University College of Medicine 


Serum preparations from dogs on athero- 
genic regimens have been used to immunize 
rabbits. These immune rabbits’ sera react in 
precipitin tests with sera from normal dogs and 
man; but react with a much greater dilution of 
serum from dogs on atherogenic regimens. 


The technique will be described; quantitative 
data will be presented and correlated with 
autopsy findings. An attempt will be made to 
orient these findings in the field of related 
researches in experimental and naturally oc- 
curring atherosclerosis. 
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13. Serum Liprip AND PrRoTEIN Fractions. V. THe Errect oF HYPERLIPEMIA AND 
HYPERCHOLESTEROLEMIA ON THE ELECTROPHORETIC PATTERN OF THE PROTEINS 


Irving Leinwand, New York, N. Y. 
Bellevue Medical Center, Post Graduate Medical School, New York University 


Simultaneous studies of the serum lipids and 
»roteins were made on about 200 patients with 
normal or abnormal lipid and/or protein 
patterns. Electrophoretic determinations were 
made with phosphate and barbiturate buffers 
in almost equal numbers of cases. Electro- 
phoresis was done before and after cold ether 
extraction. Over four hundred patterns before 
ind about the same number after cold ether 
extraction were secured. A comparison was 
made of the protein pattern in serum with 
normal lipid and cholesterol concentrations, 


and those with abnormal concentrations in the 
apparently normal and diseased states. The 
beta globulin shows the greatest effect of in- 
creasing concentrations of lipids by an increase 
in pattern area. Although the beta globulin 
shows the most consistent decrease after ether 
extraction in either the normal or diseased 
state, the other components may show con- 
siderable variation. This may be due to some 
competitive action of the lipids when associated 
with fractions other than the beta globulin. 
Data and graphs are presented. 


14. CrrcuLaToryY Factors IN THE PATHOGENESIS OF EXPERIMENTAL ARTERIAL NECROSIS 
L. L. Waters and G. I. deSuto-Nagy, New Haven, Conn. 
Department of Pathology, Yale University School of Medicine 


Necrosis of the coronary and visceral arteries 
of intact dogs has followed brief -episodes of 
hypertension produced by injections of pressor 
amines, including epinephrine, and by renin. 
Similar lesions with the same distribution follow 
rapid transfusions of compatible dogs’ blood. 
Combination of hypertension episodes and 


circulatory overloading alters the distribution 
of vascular damage to include the renal 
arterioles. 

The arterial lesions will be demonstrated and 
hemodynamic changes involved in their patho- 
genesis discussed. 


15. Tue Errect or ESTROGENS UPON THE SERUM LIPIDS AND LIPOPROTEINS OF MALE AND FEMALE 
PATIENTS 


Hyman Engelberg, Samuel J. Glass, and Raymond Marcus, Los Angeles, Calif. 


Cedars of Lebanon Hospital 


The difference in the incidence of athero- 
sclerosis between premenopausal females, and 
males of the same age group, is paralleled by 
differences in the lipoprotein concentrations of 
sera in the same groups. This suggests that 
varian hormones may have some effect upon 
slood lipids and lipoproteins. Accordingly 15 
men and 25 menopausal and postmenopausal 
vomen were given oral estrogens in varying 
losage for periods of three to six months. In 
some of the female patients the intramuscular 
‘oute was used for one to two months preceding 
ral therapy. Blood samples were taken prior 
o the onset of therapy and at monthly inter- 


vals thereafter. In all sera the blood cholesterol’ 
and esters, phospholipids, neutral fat, total 
lipids, cholesterol: phospholipid ratio were de- 
termined. All sera were then ultracentrifugally 
analyzed for lipoproteins at the Division of 
Medical Physics, Donner Laboratory, Uni- 
versity of California according to the method 
of Gofman, Lindgren and Elliott. 

The relation between the lipoprotein analyses 
of sera and the chemically determined serum 
lipids in this group of patients will be pre- 
sented. The results of therapy and the relation 
to atherosclerosis will be discussed. 
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16. THe INHIBITION OF CoRONARY ATHEROMATOSIS IN CHOLESTEROL-FED Cuicks RECEIVING 
ESTROGENS 


R. Pick, J. Stamler, 8. Rodbard and L. N. Katz, Chicago, IIl. 


Cardiovascular Department, Medical Research Institute, Michael Reese Hospital 


Severe aortic and coronary atherosclerosis 
develop consistently within the course of a few 
weeks in chicks given a diet supplemented with 
2 per cent cholesterol and 5 per cent cottonseed 
oil. This pattern is now shown to be altered by 
the simultaneous administration of estrogens. 
Aortic atheromatosis develops as before, but 
the coronary arteries are protected from lipid 
infiltration and atheroma formation. Estrogens 
therefore inhibit the process of coronary 
atherogenesis induced by cholesterol feeding. 
These findings may bear upon the relative 
immunity of women to coronary artery disease. 
They emphasize that the various portions of 
the arterial tree may vary markedly in their 
resistance to the atherogenic process, and that 
severe atheromatosis may be present in one 
region while other areas are spared. 

This protection of the coronary vessels by 


estrogens may be related to associated changes 
in cholesterol:lipid phosphorus ratios. Chicks 
on a cholesterol-supplemented diet show a 
marked increase in plasma cholesterol levels 
without comparable changes in lipid phospho- 
rus, resulting in an increased cholesterol: lipid 
phosphorus ratio. By contrast, the administra- 
tion of estrogens causes a predominant ele- 
vation of lipid phosphorus levels. The com- 
bination of cholesterol feeding and estrogen 
injection results in an increase in plasma choles- 
terol and phospholipids, but the cholesterol: 
lipid phosphorus ratio remains normal (about 
12); the coronary arteries are free of athero- 
matosis, although the aorta does not escape 
involvement. Whenever the cholesterol: lipid 
phosphorus ratio exceeds 20, coronary athero- 
matosis is seen, indicating a possible relation- 
ship between the cholesterol:lipid phosphorus 
ratio and coronary atherogenesis. 


17. Tue Errect oF ALTERED Lipip METABOLISM ON EXPERIMENTAL LESIONS OF THE CORONARY 
ARTERIES 


G. I. deSuto-Nagy and L. L. Waters, New Haven, Conn. 


Department of Pathology, Yale University School of Medicine 


Local injury to the coronary arteries and a 
systemic disturbance of the body’s own lipid 
metabolism were produced simultaneously but 
by separate means. The interaction of two such 
injuries was accomplished with the aid of 
allylamine and detergents. Either of these 
agents, alone, produced only the usual re- 
sponse. Superimposition of the two injuries, 
however, led to the appearance of coronary 
lesions, with local accumulation of lipids in the 
intima and media of the vessel wall. The 


coronary lesions arose at the site of the primary 
local injury within a few days or weeks. The 
stepwise development of the experimental 
vascular disease will be illustrated, discussed 
and compared to similar lesions in man. 

These experiments will serve as models for 
the study of the pathogenesis of arteriosclerosis 
in man. They suggest that similar lesions may 
arise from a combination of the two factors: 
local vascular injury and a coincident disturb- 
ance of the lipid metabolism. 


18. THe Errect oF CHOLINE ON EXPERIMENTAL CHOLESTEROL ATHEROSCLEROSIS IN THE RABBIT 


G. Lyman Duff and George F. Meissner, Montreal, Quebec, Canada 


Department of Pathology, Pathological Institute, McGill University 


A series of experiments has been done to 
study the effect of feeding choline to rabbits 


during or after the induction of experimental 
cholesterol atherosclerosis. It has been ob- 
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erved that the addition of choline to the diet, 
ven in large amounts, has no discernible effect 
n the development of atherosclerotic lesions 
‘the dose of cholesterol is moderately large. 
fowever, if the amount of cholesterol fed is 
educed to 1 Gm. administered three times a 
‘eek, and the dose of choline is very large, 
here occurs a slight but definite retardation 
f the development of atherosclerosis, which 


is not attributable to changes in body weight 
during the experiment. 

The addition of large amounts of choline to 
the diet did not affect the retrogression of 
established atherosclerotic lesions. 

In none of the experiments were changes that 
could be attributed to the administration of 
choline observed in the patterns of the serum 
lipids. 


19. THe VARIABILITY OF THE SERUM LipiIp DETERMINATION 


V. L. Andrews, A. George Reifman and Paul B. Roen, Los Angeles, Calif. 


Clinic for the Study of Arteriosclerosis, Hollywood Presbyterian Hospital 


The serum lipid determinations made in this 
study are the total lipids, the phospholipids and 
the total cholesterol. From these the total phos- 
pholipids as lecithin and the neutral fats are 
obtained; likewise, the ratio between total cho- 
lesterol and total lipids and the ratio between 
total phospholipids as lecithin and the total 
cholesterol. It was found that all these factors 
changed in the individual from time to time 
without apparent reason. However, conditions 


such as age, diet, endocrine abnormalities, cer- 
tain disease entities, and chronic alcoholism 
give a characteristic pattern of serum lipids. 
The hormones, lipotropic agents, diet, vita- 
mins and enzymes react in certain individuals 
in a fairly constant manner; but the variations 
are so unpredictable, at times, that it is appar- 
ent there are many unknown factors involved. 
These facts must be remembered when evaluat- 
ing the serum lipid determinations in any study. 


20. SeruM LipoGRAM STUDIES WITH LIPOTROPES IN CORONARY ATHEROSCLEROSIS 


Lester M. Morrison, Los Angeles, Calif. 
with the technical assistance of E. Wolfson and M. Zwierlein 


Los Angeles County Hospital and the Department of Internal Medicine, College of Medical Evangelists 


The action of various lipotropic agents was 
studied in a series of 82 subjects, who were 
divided into three groups: 

(1) Thirty-two patients with | coronary 
atherosclerosis, having had previous coronary 
thrombosis with myocarciax. infaretion; (2) 

control series of 24 normal individuals; 
3) a series of 26 patients with chronic mis- 
ellaneous diseases (noncardiac). 

The studies included the following acute 
‘xperiments: 

(1) “Lipograms” consisting of five hourly 
erum lipid fraction determinations (such as 
erum cholesterol, total lipids, phospholipids, 
\eutral fats) following a test meal incorporating 
utter, eggs and cream. (2) Chylomicron and 
ipomicron counts were made every hour for 


five hours following the test fat meal. (3) 
Choline, inositol, methionine, vitamin By, 
eggplant extract and liver extract were sepa- 
rately ingested simultaneously with a test fat 
meal, and the effects on serum lipid fractions 
and chylomicron and lipomicron counts were 
determined on different days in different sub- 
jects as described in (1) and (2). In addition, 
other medicinal agents, as ‘“‘controls,’’ were 
fed on days other than those in which lipo- 
tropes were employed. The tolerance to fat 
meals was tested without lipotropes, then with 
individual lipotropes and subsequently with 
various combinations of lipotropic agents. 

It was found that under controlled con- 


ditions, each of the agents singly or in combi- 
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nation described in (3) could demonstrate 
lipotropic activity in acute experiments by (a) 
reduction in serum chylomicron and lipomi- 
cron counts and (b) increases in phospholipid: 


cholesterol ratios. Many patients with coronary 
atherosclerosis were found to show poor 
tolerance to ingested fats. The clinical appli- 
cation of these findings are discussed. 


21. MorpHOLOGIC SIMILARITIES AND DISSIMILARITIES BETWEEN HUMAN ATHEROSCLEROSIS AND 
EXPERIMENTAL ATHEROSCLEROSIS IN THE RABBIT 


O. J. Pollak, Quincey, Mass. 


Department of Experimental Pathology, Quincy City Hospital 


In the development of human atherosclerosis 
hydropic swelling of intimal endothelium, dis- 
ruption of continuity and, next, mucoid change 
of the subintimal ground-substance precede the 
appearance of large polyhedric lipophages. 
These lipophages are predominantly seated in 
the deep layers of the subintima and less often 
in its top layers, just beneath the intimal 
endothelium. 

In rabbits in which alterations were induced 
by intravascular injection of macromolecular 
substances, the pattern is similar to that ob- 
served in man. The microscopic picture differs 
inasmuch as on injection of cholesterol sols 
oval shaped lipophages appear within the in- 
nermost layer of the vessel wall, the intima 
proper. 

With marked hypercholesterolemia such as is 


induced by dietary means, round lipophages 
appear within the intimal lining. The endo- 
thelium cells are either normally formed, pre- 
served, or are hydropic and empty, or swollen 
and filled with lipid material. Changes in the 
architecture, cellularity, density and meta- 
chromasia of the subintimal ground-substance 
are less marked than the intimal alterations. 

In comparing human and rabbit vascular 
histopathology one must keep in mind species- 
specific differences in the caliber of vessels, 
thickness of the vessel wall, and in microscopic 
architecture. Also, one should not overlook 
that such variants as posture, changes of 
position, differences in blood pressure and 
pulse rate, and others are functional factors 
which determine the structural characteristics 
of the blood vessels. 


22. Tur SurGICAL TREATMENT OF ANEURYSMS OF THE ABDOMINAL AORTA 


Geza de Takats and Millard H. Marshall, Chicago, III. 


Department of Surgery, University of Illinois College of Medicine 


Surgical attempts to arrest impending dis- 
aster from rupture, thrombotic occlusion and 
damage to the spinal cord are justified by the 
inexorable progress of aortic aneurysms. The 
lesions may be syphilitic, arteriosclerotic or 
due to a cystic necrosis of the media and are 


often first seen during an emergency. Various 
attempts of our clinic in wiring, wrapping, 
banding or cementing such aneurysms are 
described. The internist and surgeon face a 
real responsibility when such a lesion is 
accidentally detected. 


23. PaTHoLocic FeatrurES oF AcUTE MyYocaARDIAL INFARCTION WITH AND WITHOUT ACUTE 
CoRONARY OCCLUSION 


R. Drew Miller, Howard B. Burchell and Jesse E. Edwards, Rochester, Minn. 


Section of Pathologic Anatomy and Division of Medicine, Mayo Clinic and Mayo Foundation 


In a study of 143 consecutive cases in which 
acute myocardial infarction was fatal, there 
were 94 cases of acute coronary occlusion. In 
the remaining 49 cases evidence of recent 


coronary occlusion was not found. In each case 
the heart was available for restudy of the state 
of the coronary arteries, the degree of cardiac 
hypertrophy, the location of the infarct and its 
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listribution through the thickness of the 
‘entricular wall, the incidence of pericarditis, 


nyocardial rupture and intracardiac mural — 


hrombosis. Records, microscopic sections and, 
n some instances, gross specimens were avail- 
ble for the study of extracardiac complications. 
In the 94 cases of acute coronary occlusion, 
he average cardiac hypertrophy was 50 per 
ent while in the 49 cases without acute coro- 
iary occlusion the average cardiac hypertrophy 
vas 70 per cent. In the group with recent coro- 
iary occlusion 41 per cent of the hearts showed 
it least 50 per cent hypertrophy. In contrast, 
“3 per cent of the hearts without recent cor- 
mary occlusion showed at least 50 per cent 
nypertrophy. Coronary sclerosis was of equal 
severity in the two groups. In each group the 
interior descending coronary artery showed the 
greatest degree of narrowing by atherosclerosis. 


This observation is consistent with the fact 
that anterior infarction was commoner in the 
cases without acute coronary occlusion than 
in the cases with acute coronary occlusion. 

Subendocardial infarction was the usual 
lesion in the group of cases without acute 
occlusion, while transmural infarction was the 
usual finding in the group of cases with acute 
coronary occlusion. 

Acute pericarditis occurred in 9 cases, in 
each instance being associated with acute 
coronary occlusion with transmural infarction. 
Rupture of the heart occurred in 18 cases, in 16 
of which infarction was due to acute coronary 
occlusion. In only 2 instances did rupture 
occur in the group without acute coronary 
occlusion. In each of these two hearts the 
infarct was transmural. The incidence of 
thromboembolic complications was similar in 
the two groups. 


24. HeREDITY IN ARTERIOSCLEROSIS 


Paul B. Roen, Ernest W. Townsend and John W. Perry, Los Angeles, Calif. 


Clinic for the Study of Arteriosclerosis, Hollywood Presbyterian Hospital 


The role of heredity in the transmission of 
susceptibility in infectious and degenerative 
diseases is too well known to require reitera- 
tion. Diabetie parents almost invariably pro- 
duce diabetic children. Death from coronary 
and cerebral thrombosis is frequently seen in 
several generations in the same family. Hyper- 


cholesterolemia follows a familial pattern. Some 
individuals with a hereditary tendency and 
abnormal serum lipid patterns seem to have 
early formations of atheromatous placques. 

Thus, it appears in our series of cases of 
arteriosclerosis, that an important factor is the 
hereditary tendency. 


25. A New StratTISTICAL APPROACH TO CONSTITUTIONAL Factors IN HYPERTENSION AND CORONARY 
THROMBOSIS ' 


Dean F. Davies, St. Louis, Mo. 


Department of Internal Medicine, Washington University School of Medicine 


The difference between commonly accepted 
types of body build, representing, for example, 
the ‘coronary type” and the “ulcer type,” 
prompted an examination of the frequency 
with which certain intrinsic diseases occurred 
together as compared with the incidence of each 
disease alone. The constitutional type concept 
would make the coexistence of two diseases 
either more or less frequent than would be 


expected by chance. International Business 
Machine punch-card discharge diagnoses of 
40,420 hospitalized patients aged 20 to 79 
years were sorted. Five disease categories 
were found to have the following per cent 
frequencies in the hospital population: (a) 
hypertensive disease, 13.4 per cent; (b) cor- 
onary thrombosis, 0.74 per cent; (c) asthma, 
0.74 per cent; (d) Laennee’s cirrhosis, 0.35 
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per cent; (e) duodenal ulcer, 0.91 per cent. 
The same frequencies were expected by chance 
for each disease in each other category. De- 
viations from this random coexistence were 
analyzed by the chi square technique. The 
incidence of coronary thrombosis in hyper- 
tension was 3.4 times its incidence in non- 
hypertensive subjects. Coronary thrombosis 


was as commonly associated with duodena! 
ulcer or with cirrhosis or asthma as was ex 
pected by chance. The same was true of hy 
pertension. However, asthma and duodena 
ulcer were 2.5 times as frequently associated a; 
expected by chance. Other intercorrelation: 
between asthma, cirrhosis, and ulcer did not 
deviate significantly from uniform distribution 


26. MrcHANISMS OF HYPERTENSIVE VASCULAR DISEASE 


G. M. Masson, A. C. Coreoran and I. H. Page, Cleveland, Ohio 


Research Division of the Cleveland Clinic Foundation and Frank FE. Bunts Educational Institute 


In order to evaluate the significance of in- 
creased arterial pressure in the genesis of 
vascular lesions, the following studies were 
carried out. 

(1) Rats were bilaterally nephrectomized 
and placed in parabiosis with normal animals. 
Under suitable conditions, half of these ne- 
phrectomized parabionts developed hyper- 
tension, while nearly two-thirds showed 
vascular lesions consisting of aortitis and 
arteritis of small vessels in the heart, pancreas 
and mesentery. Their distribution was that of 
lesions found in experimental hypertension 
from various causes, although hypertension was 
absent or mild in many instances. 

(2) Using a modification of the method of 
Byrom and Dodson (F. Olmsted, unpublished), 
tinger’s solution in repeated jets of 2.5 to 
5 ee. each was injected into the carotid artery 
under known pressures, while femoral arterial 


pressure was recorded with a capacitanc: 
manometer. At each jet, blood pressure ros 
suddenly to around 190 mm. Hg, then fel 
immediately even though fluid was. stil 
coursing in. The rats, which received up t 
twenty injections at one time, were kille 
at varying intervals afterwards. The vascular 
lesions found two to three days later, in con 
trast to those described above, were limited to 
the kidneys and consisted of edema of the 
intima, distention, hemorrhages, and fibrinoid 
necrosis of small arteries. These were obviously 
the results of two successive processes: acute 
strain on the vessel wall, followed by repair. 

Thus, while briefly sustained increases of 
arterial pressure can cause renal changes which 
may be related to those of hypertensive disease, 
lesions closely resembling those of hypertension 
occur without significant increases of arterial 
pressure. 


27. EFFECT OF A CHOLESTEROL-FREE, Low-Fat Diet UPON THE SERUM LIPIDS IN PATIENTS WITH 
EssENTIAL HYPERTENSION 


Frederick T. Hatch and Forrest E. Kendall, New York, N. Y. 


Research Service, First (Columbia University) Division, Goldwater Memorial Hospital, and the 
Departments of Medicine and Biochemistry, College of Physicians and Surgeons, 
Columbia University 


Free and total serum cholesterol, lipid 
phosphorus and neutral fat levels have been 
determined in 25 patients with severe essential 
hypertension during periods on regular diet and 
on the Kempner rice diet. Except for larger 
fluctuations with time there was no significant 
difference between the lipid levels of hyper- 
tensive subjects on the regular diet and those of 
healthy individuals of the same age. 


The rice diet caused substantial reduction of 
serum total cholesterol level in 65 per cent of 
the cases. Two types of changes in serum lipid 
pattern were observed. In about one-half of the 
‘ases the ratio of ester to total cholesterol re- 
mained constant; the lipid phosphorus de- 
creased with the total cholesterol; and the level 
of the neutral fats did not change. In the re- 
maining patients the decrease in cholesterol 
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ters was disproportionately large; the lipid 
iosphorus increased slightly, producing a 
arked decrease in the cholesterol: phos- 
iolipid ratio; and the neutral fats increased 
eatly. A number of patients in the latter 
oup developed abnormal bromsulfalein or 
ymol turbidity tests. 

Sera from 7 patients on the Kempner rice 


diet were examined in the ultracentrifuge by 
Dr. John Gofman. In contrast to the marked 
decrease in level of S; 10-20 class molecules 
which Gofman states is effected by a con- 
ventional low-fat, low-cholesterol diet, the 
rice diet resulted in substantial increases in 
S; 10-20 level in 3 patients, no change in 3, 
and a decrease in only one. 


28. NEPHROTOXIC AND ANGIOTOXIC SUBSTANCES 


Rudolf Altschul, Saskatoon, Saskatchewan, Canada 


Department of Anatomy, University of Saskatchewan 


Intravenous or intraperitoneal injections of 
Iliggins’ India ink cause tubular necrosis of 
the renal cortex (Altschul and Hummason). 
This is accompanied by a moderate or severe 
lowering of blood pressure. Prolonged treat- 
ment of rabbits with intravenous injections of 
India ink elicits intimal thickening and elastosis 
of coronary and renal vessels or duplication of 
the media. Other vascular areas (pulmonary, 
lingual, thyroid) may also be involved. Ura- 
nium nitrate and mercuric chloride cause simi- 
lar renal damage. It is known that the former 
brings about medial necrosis and calcification, 


but in our cases the intima also showed changes 
similar to those after intravenous injections of 
India ink. Mercurie chloride had only a slight 
effect on vessels. Intraperitoneal injections of 
India ink damage the kidneys as strongly as 
the intravenous injections, but the vascular 
damage is slighter in rabbits and lacking in 
rats. 

It remains to be decided (a) whether the three 
substances act on the intima as_ vascular 
poison; (b) whether the vascular reaction, is a 
sequela of the renal damage; or (c) whether it 
is a sequela only of the lowered blood pressure. 


29. WATER SOLUBILITY OF AorTIC MrpiAL PAS-PositivE MATERIALS 


J. F. A. McManus and L. 8. Graham, Jr., Charlottesville, Va. 


Department of Pathology, University of Virginia School of Medicine 


Mowry and Longley have described recently 
the demonstration of water-soluble PAS- 
positive materials in tissue sections using 
“leoholic solutions in the periodic acid-Schiff’s 
(PAS) routine. Corresponding sections carried 
through the usual aqueous PAS routine 
showed a loss of many materials. This im- 
ortant finding of Mowry’s has been confirmed 

. this laboratory. The comparative techniques 
{ the aqueous and alcoholic PAS routines 

ave been applied to the study of the human 
orta. 

Water-soluble, alcohol-insoluble PAS-posi- 
ive material is found between the muscle 
undles and elastic lamina of the aortic media 


in all age groups. With increasing’ age there is 
accumulation of water and alcohol-insoluble 
PAS-positive material in the subintimal portion 
of the media. This latter is the usual meta- 
chromatic and PAS-positive material described 


as occurring in aging and in various naturally 
occurring and experimental diseases. In these 
studies it appears that aging is associated with 
acquisition of water insolubility by some of 
the water-soluble, alecohol-insoluble PAS-posi- 
tive materials of the aortic media. This may 
be due to polymerization or binding with 
protein. 

These changes are described and illustrated. 
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30. MrETHONIUM COMPOUNDS IN THE TREATMENT OF ESSENTIAL BENIGN AND MALIGNANT 
HYPERTENSION BEFORE AND AFTER SYMPATHECTOMY 


Joseph B. Wolffe, Fairview Village, Pa. 


Wolffe Clinic, Philadelphia, and the Valley Forge Heart Institute and Hospital 


Methonium compounds, particularly hexa- 
methonium and pentamethonium bromide and 
iodide, have been employed parenterally as 
well as orally in the treatment of essential 
benign and malignant hypertension. A small 
selected group of patients in whom sympathec- 
tomy (Peet and Smithwick) failed to relieve 
a hypertensive syndrome were also treated with 
methonium compounds. 


Criteria for selection of patients and 
establishment of maintenance doses will be 
discussed. Our results will be compared wit} 
those of our British colleagues. 

Judging from our results so far, the metho 
nium compounds may prove to be a valuabl 
adjunct in the treatment of certain forms o 
hypertension. 


31. ARTERIOSCLEROTIC HEART DISEASE IN DIABETES MELLITUS 


Irving M. Liebow, Herman K. Hellerstein and Max Miller, Cleveland, Ohio 


Department of Medicine, Western Reserve University 


Numerous postmortem studies have con- 
sistently demonstrated that there is a higher 
incidence of coronary arteriosclerosis in dia- 
beties than in nondiabetics. The clinical studies 
of arteriosclerotic heart disease in living 
diabetic patients have been few, however. 

In this study the cardiac status of 250 liv- 
ing out-patient diabetics was determined. The 
purposes were: (1) to note the incidence and 
nature of cardiac disease; (2) to determine the 
relationship between arteriosclerotic heart dis- 
ease and certain possible causative factors; 
(3) to develop a control group in which the 
progress of arteriosclerotic heart disease could 
be followed by subsequent re-examination. 

The study of each patient included review of 
hospital and out-patient department charts, 


physical examination, electrocardiogram, tel 
eroentgenogram of the heart, serum cholesterol 
level and notation of age, obesity, duration 
and severity of diabetes, and degree of control. 
The diagnostic criteria of the New York 
Heart Association were employed. 

Findings: 1. Fifty per cent of those examined 
had heart disease caused by coronary arterio- 
sclerosis and hypertension, alone or combined. 

2. In addition, 30 per cent more had po- 
tential heart disease on the same _ bases. 

3. The incidence of such disease was related 
to the age of the patient and to the duration 
of diabetes, but not to severity or degree of 
control. 

4. The occurrence of coronary arteriosclero- 
tic heart disease was not related to the serum 
cholesterol level. 


32. Diet AND SerRuM Lipip LEVELS 


Paul B. Roen, Ernest W. Townsend, John W. Perry, V. L. Andrews and A. George Reifman, Los 
Angeles, Calif. 


Clinic for the Study of Arteriosclerosis, Hollywood Presbyterian Hospital 


Certain serum lipid fractions vary in the 
normal individual from many known and un- 
known causes. Until more exact knowledge is 
obtained as to the causes, the characteristic 
picture can only be considered. Many patho- 


logic conditions influence these levels. These 
may be better classified later, and until then, 
the usual levels—not the unexpected—are to be 
considered as normal. 

If no pathologic condition is found, then the 
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| pids in the diet are considered the cause of 
|.igh serum lipids. The elevation of blood sugar 
in disturbances of carbohydrate metabolism, 
:s shown in diabetes mellitus, may be similar 
io the elevation of blood lipids in disturbances 
i lipid metabolism. Some people seem to be 
wnable to tolerate a diet high in lipids. It has 


been our findings in these cases that diet is the 
main factor in lowering the high serum lipids. 
Proper diet may alone maintain lower levels 
without any assistance over long periods of 
time. Even in some cases increase in lipids in 
the diet does not increase the serum lipid 
levels. 


£3. STUDIES OF THE Dynamic TRANSFER OF ISOTOPICALLY LABELED CONSTITUENTS OF SERUM 
LIPOPROTEINS 


Ilardin B. Jones, Max Biggs, Dean Graham, Don Rosenthal, John Gofman and David Kritchevsky, 
Berkeley, Calif. 


Division of Medical Physics, Donner Laboratory, University of California 


It has been possible to label serum lipo- 
proteins (1) by the metabolic incorporation of 
radioactive phosphate into the phospholipid 
part of the serum lipoproteins, (2) by the 
incorporation of labeled cholesterol and fatty 
acids (labeled with H* and C") into the 
lipoproteins. Extensive studies have been done 
in the normal and atherosclerotic (cholesterol- 
fed) rabbit and some studies have been done in 
man. 

The labeled lipoproteins from a radioacti- 
vated rabbit, serving as a donor animal, have 
heen segregated into selected ultracentrifugal 
classes and then re-injected into recipient 
normal and hypercholesterolemic rabbits. The 
label adheres tightly during the purification 
process. However following injection into the 


recipient’s blood, the phospholipid fraction 
quickly becomes equilibrated with the phos- 
pholipids of both higher and lower §; classes of 
lipoproteins. The cholesterol of the lipopro- 
teins appears to behave in a similar fashion. 
The exchange does not occur in vitro, and it is 
not yet known whether the cholesterol and 
phospholipid fragments are rearranged at the 
same rate. The exchange of the lipid com- 
ponents of the lipoproteins of S; 6 to S; 100 
appear to be the same, and therefore the great 
steady state levels of the high S; types seen 
in derangements of serum lipids cannot be 
explained on the simple basis of different 
metabolic mechanisms. Rather, they appear to 
be a related sequence of molecules equilibrated 
in the utilization and transport of lipid frag- 
ments. 


34. Errects oF CorTISONE AND ACTH on Serum Liprps In ANIMALS: PossIBLE RELATIONSHIP 
TO EXPERIMENTAL ATHEROSCLEROSIS 


David Adlersberg, Stanley R. Drachman and Louis E. Schaefer, New York, N. Y. 


Mount Sinai Hospital 


Our studies established well defined changes 
of serum lipids in patients treated with corti- 
one and adrenocorticotropic hormone (ACTH). 
Jecause of the possible relationship to athero- 
clerosis these studies were expanded to 
nimals. 

The effect of cortisone and/or ACTH upon 
he serum lipid partition in animals varies with 
he species. Dogs treated for periods up to 
hree weeks with doses of cortisone and/or 
\CTH many times higher than the therapeutic 
loses used in man failed to show any note- 


worthy changes upon serum cholesterol, choles- 
terol esters, phospholipids or neutral fats. 
Turbidity of the serum did not develop. 

In contrast, rabbits treated with doses of 
hormones slightly higher than or identical 
with those used for therapeutic purposes in man 
exhibited after one to three weeks of adminis- 
tration turbidity of serum (“‘lipemia’’) and 
elevation of serum cholesterol and _phos- 
pholipids. The importance of these observations 
in relation to experimental atherosclerosis will 
be discussed. 
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35. THE BENEFICIAL EFFECTS OF INTERMITTENT DIETARY REGIMENS ON EXPERIMENTAL 
HyYPERCHOLESTEREMIA AND ATHEROMATOSIS 
8. Rodbard, C. Bolene-Williams, R. Pick and L. N. Katz, Chicago, IIl. 


Cardiovascular Department, Medical Research Institute, Michael Reese Hospital 


The effect of intermittent feeding of choles- 
terol-enriched diets was studied in 250 newly- 
hatched chicks. The animals were given a mash 
diet supplemented with 2 per cent cholesterol 
and 5 per cent cottonseed oil for alternate 
periods of five days each. In the interim five 
day periods various groups received either 
normal mash, mash supplemented with 20 per 
cent oil, or no food at all. Plasma cholesterol 
levels were determined at intervals. The chicks 
were sacrificed at 10 or 15 weeks of age. Average 
data obtained at 15 weeks are given in the 
table below. 

The three groups on the intermittent dietary 


Dietary regimen 


Normal mash. . 
Mash + 1% cholesterol, continuous diet 
Mash + 2% cholesterol, continuous diet 


Mash + 2% cholesterol, alternated with fasting 


regimen received approximately the same tot: | 
cholesterol intake as the group receiving mas \ 
plus 1 per cent cholesterol. The plasma chole:- 
terol increased during the periods on the dic 
containing the cholesterol supplement, an | 
fell rapidly during the days on the normal mas! . 
It can be seen that intermittent periods ¢{ 
normal diet served to protect against the 
hypercholesteremia and atheromatosis induce | 
by the cholesterol diets. Starvation or th» 
addition of 20 per cent oil to the normal mas} 
during the interim period was of little value 
in protection against the effects of the choles- 
terol diet. 


Plasma © with thoracic Average grade of 
cholesterol mg. % lesions | thoracic lesions 


102 0 0 
671 67 1.6 
2017 3. 
641* 


Mash + 2% cholesterol, alternated with mash + 20% oil 215* 


Mash + 2% cholesterol, alternated with normal mash.... 


* During cholesterol-free period of diet. 


95* 


36. Serum Lipip StupDIEs IN CEREBRAL ARTERIOSCLEROSIS 


Lester M. Morrison, Los Angeles, Calif. 


Los Angeles County Hospital and Department of Internal Medicine, College of Medical Evangelists 


Serum cholesterol and other lipid fraction 
determinations were made in 50 patients of 
both sexes and at various ages with proved 
cerebral arteriosclerosis. These patients had 
previous cerebral thrombosis and retinal arteri- 
osclerosis was demonstrable upon ophthal- 
moscopic examination. In addition to serum 
cholesterol, serum total lipids, phospholipids, 
neutral fats, cholesterol esterases were deter- 
mined in each patient. These studies were 
carried out to ascertain whether disturbances 
in serum lipid fractions were manifest as was 
found by the author and co-workers in previous 
reports of coronary atherosclerosis. 


The group of 50 patients was compared 
with (1) a comparable series of 50 patients with 
coronary atherosclerosis who had _ previously 
experienced coronary thrombosis and myo- 
cardial infarction, (2) a comparable series of 
50 “normal” control individuals and (3) a 
comparable series of 50 patients who had 
miscellaneous chronic diseases other thar 
cardiac in nature. 

No statistically significant abnormalities in 
serum cholesterol levels or serum _ phos 
pholipid: cholesterol ratios was demonstrable 
in the 50 patients with cerebral arteriosclerosis 
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37. CHANGES IN HuMAN SErRuM Lipips AND LIPOPROTEINS ACCOMPANYING CHANGES IN THYROID 
FUNCTION 


Hyman Engelberg, Los Angeles, Hardin B. Jones and John Gofman, Berkeley, Calif. 


Cedars of Lebanon Hospital and Division of Medical Physics, University of California 


Previous studies have shown that the blood 
li) ids are frequently altered in hypothyroidism 
ad hyperthyroidism. Quantitative determi- 
n: tion of the lipoprotein components of serum 
by the recently developed ultracentrifuge 
method of Gofman and his co-workers is im- 
portant whenever blood lipids are affected. 
Accordingly the blood cholesterol and esters, 
phospholipids, neutral fat, total lipids, choles- 
terol: phospholipid ratio, and the ultracentrif- 
ugal analysis of lipoproteins were obtained in 
thyroid patients. The ultracentrifugal deter- 
minations were performed at the Division of 
Medical Physics, University of California. 

Three groups of patients were studied 
throughout their full therapeutic course. The 
first consisted of patients with hyperthyroidism 


who were treated with radioiodine. The second 
was a group of severely ill cardiac patients to 
whom radiodine was being given to produce 
marked hypothyrodism. The third was com- 
prised of hypothyroid patients who were given 
thyroid therapy. The lipid and _ lipoprotein 
changes throughout the course of therapy will 
be presented together with the basal metabo- 
lism, blood iodine and radioiodine uptake de- 
terminations. The relationship between the 
ultracentrifugal lipoprotein determinations and 
the blood lipids chemically determined will be 
analyzed. The importance of correcting hy- 
pothyroidism and the danger inherent in 
overly depressing thyroid function will be 
discussed in relation to atherosclerosis. 


38. SeRuM Lipip AND PROTEIN Fractions. IV. Primary ESSENTIAL XANTHOMATOSIS 


Irving Leinwand, New York, N. Y. 


Bellevue Medical Center, Post Graduate Medical School, New York University 


Simultaneous studies of the electrophoretic 
pattern of the serum protein and lipid fractions 
were made on 10 patients with this disease. 
Half of these patients were studied from 4 to 
21 months with repeated determinations. The 
beta globulin was elevated in all patients in this 
series. This elevation was constant with only 
slight relative variations. The mean -decrease 
in this component after ether extraction was 
almost 60 per cent. The mean decrease in the 


total pattern area for the entire series was 28 
per cent. This compares favorably with the 
works of Aarons and Kunkel in primary 
biliary cirrhosis where there was a decrease of 
33 per cent. The increase in cholesterol and/or 
lipids was apparently not associated with a 
proportional increase in proteins. Data, graphs, 
and electrophoretic patterns are presented to 


illustrate these phenomena. 


39. WaTER INSOLUBLE 1,2-GLYCOLS IN DIABETIC AND NONDIABETIC HUMAN AORTAS 


L. 8. Graham, Jr., and J. F. A. MeManus, Charlottesville, Va. 


Department of Pathology, University of Virginia School of Medicine 


Random Helly’s fixed sections of aortas 
fom 22 autopsied cases of diabetes mellitus 
vere colored with the periodic acid—Schiff 
reagent method for 1,2-glycol and the Ritter 
aid Oleson combination of the-Hale method 


for acid polysaccharides followed by the 
periodic acid—Schiff reagent method. These 
were compared with similar sections from 29 
nondiabetics selected to correspond in age, sex, 
race and presence or absence of hypertension. 
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The age of the diabetic patients varied from 
40 to 75 years with the majority between 60 
and 75 years. 

Intimal plaque formation in the aortas of 
diabetic and nondiabetic subjects appears to 
increase with age. In this series it bears no 
statistical relationship to the presence or 
absence of diabetes. An increased intensity of 
water insoluble material, coloring with periodic 
acid-Schiff reagent, is seen in the subintimal 
portion of the media in some aortas. This 
change varies in different regions of the same 


aorta in 3 of the 13 cases with more than one 
portion available. The change does not appear 
to be related to the presence or absence of 
diabetes, hypertension, intimal thickening or 
plaque formation. It appears to increase in 
frequency with age. 

The changes noted suggest that with aging 
there is an increase in the subintimal portion 
of the media of material giving a positive ro- 
action by the periodic acid-Schiff method fcr 
1 ,2-glycols. 


40. SEARCH FOR CHOLESTEROLASE AND CHOLESTEROL ESTERASE IN HUMAN ERYTHROCYTES 


O. J. Pollak and B. Wadler, Quincy, Mass. 


Department of Experimental Pathology, Quincy City Hospital 


The existence of a cholesterolase effecting 
the breakdown of free cholesterol and the 
synthesis of free cholesterol seems highly 
probable, although such an enzyme has yet to 
be identified. The existence of cholesterol 
esterase, an enzyme effecting the esterification 
and de-esterification of cholesterol, has been 
proved, although not within human erythro- 
cytes. 

Human erythrocytes were washed thrice in 
physiologic saline solution, suspended in 
Soerensen’s phosphate buffer (pH 7.2) and 
homogenized for 10 minutes in a glass homog- 
enizer with a colloidal suspension of choles- 
terol in partly deproteinized human serum. To 
each test tube containing 9 ml. of a 30 per cent 
suspension of washed erythrocytes, 1 ml. of 


suspension containing 10 mg. of cholesterol 
was added. The mixtures were incubated in a 
water bath at 37 C. Cholesterol was determined 
prior to incubation and after 24, 48, and 72 
hours incubation. To subsequent series of 
similar mixtures, 5 mg. per 100 cc. barium 
chloride, copper chloride, magnesium  ¢ar- 
bonate, and potassium iodate were added, 
respectively, as catalysts. In neither series was 
there a change in either cholesterol value (be- 
yond the errors inherent to Sperry-Schoen- 
heimer’s method) in the course of the experi- 
ment. Neither cholesterolase nor cholesterol 
esterase was detected in fresh red blood cor- 
puscles from persons aged between 21 and 45 
years. 


41. A New ProcepDuRE FOR DETERMINING THE DIFFUSION CoNSTANT OF GASES THROUGH TISSUE 
MEMBRANES 


John Esben Kirk and Svend G. Johnsen, St. Louis, Mo. 


Division of Gerontology, Washington University School of Medicine 


An apparatus has been devised for determi- 
nation of the diffusion rate of gases through 
tissue membrane. The apparatus consists of 
two 50 to 100 ml. glass syringes, the bottoms 
of which have been removed and replaced by 
rings, between which a tissue membrane can be 
inserted and held tightly in place. A fine outlet 


from each syringe located close to the mem- 
brane permits the introduction and withdrawa 
of fluid samples at any time during an experi- 
ment. 

After the membrane has been inserted th¢ 
two sides of the apparatus are filled witl 
solutions of known gas content, after which the 
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apparatus is placed in a thermostat and 
rotated around its long axis. At suitable inter- 
vals samples are withdrawn, alternately from 
the two sides, and are transferred to the cham- 
ber of a Van Slyke apparatus. The transfer is 
made without contact with air essentially as 
described by Kirk and From Hansen (Feder- 
aiion Proce. 10: 208, 1951). The carbon dioxide, 
oxygen and nitrogen content of the sample is 
then determined according to Van Slyke and 
Neill (J. Biol. Chem. 61: 523, 1924). 

The procedure permits successive determi- 


nations in one experiment of the diffusion rate 
of one or several gases. A special feature of the 


-method is the opportunity provided for 


keeping quantitative account of the gas 
molecules by comparison of the amount of the 
gas leaving one side of the system with the 
volume of the same gas appearing on the other 
side. 

Diffusion constants obtained by this pro- 
cedure will be reported, inciuding constants for 
oxygen and carbon dioxide through prepa- 
rations of arterial tissue. 


42. Toe VascuLoGrapH, A New Device FOR THE EARLY DETECTION OF IMPAIRMENT OF THE 
ELASTICITY OF THE ARTERIAL WALL 


Henry Lax, Brooklyn, N. Y. 


Maimonides Hospital 


1. The Vasculograph* is an extremely sensitive 
means of recording blood pressure and changes 
in the configuration of the arterial pulse in 
great detail. 

2. Changes in the configuration of the 


* Made with the aid of a grant from the National 
Heart Institute, Bethesda, Md. 


arterial pulse with aging, severe generalized 
arteriosclerosis and in diabetes mellitus are 
presented. 

3. It is believed that these changes, re- 
producible with great fidelity by the Vas- 
culograph, may furnish a clue to the early 
detection of impairment of the elasticity of the 
arterial wall. 


43. INTERRELATIONS OF PLASMA AND TISSUE CHOLESTEROL 


R. Gordon Gould, Donald J. Campbell, Frank B. Kelly, Jr., C. Bruce Taylor, Jo Anne Hagerman 
and Irving Warner, Chicago, III. 


Rush Departments of Biochemistry and Pathology, The Presbyterian Hospital 


Previous experiments on dogs have shown 
the liver to be the source of essentially all the 
plasma cholesterol but the origin of cholesterol 
in tissues and relationships with plasma choles- 
terol are not clearly established. Many ex- 
trahepatic tissues are known to be capable of 
cholesterol synthesis but are also able to ac- 
cept preformed cholesterol that is fed or 
injected intravenously in emulsified form. 
Ii previous studies on the metabolism of 
isotopic cholesterol, its physico-chemical state 
during passage into tissue cells was not known. 
We have therefore studied the fate of C'- 
cholesterol after intravenous administration 
0: labeled normal blood lipoproteins. Whole 
biood containing high and equal specific 


activities of C“ in all cholesterol fractions was 
obtained by exsanguination of donor dogs 
given C"-acetate one day previously. Other 
blood constituents had much lower specific 
activities. Recipient dogs were sacrificed by 
perfusion under anesthesia at intervals from 
four hours to 14 days after transfusion. 
Isolation of cholesterol from fifteen tissues 
showed that all except brain gradually ac- 
quired labeled cholesterol. The hours required 
to reach half the specific activity of plasma 
cholesterol were: liver, spleen, four to six; 
heart, intestine, 20 to 24; kidney, lung, dia- 
phragm, 45 to 50; aorta, pancreas, 70; and 
skin, 150 to 200. 
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44. SrupIES ON CHOLESTEROL METABOLISM. EFFECT OF DIET ON STEROL EXCRETION 


Liese Lewis Abell and Forrest E. Kendall, New York, N. Y. 


Research Service, First (Columbia University) Division, Goldwater Memorial Hospital, and the 
Department of Biochemistry, College of Physicians and Surgeons, Columbia University 


Cholesterol balance studies have been made 
upon patients and dogs. It was found that 
patients upon a hospital diet containing 1 
Gm. of total sterol per day excreted between 
400 and 1300 mg. of sterol per day in the feces. 
Patients upon a low-fat, cholesterol-free diet 
containing 100 mg. of plant sterols per day 
excreted between 300 and 900 mg. of total 
sterol. Patients upon diets containing 3.5 
Gm. of cholesterol excreted between 700 and 
5100 mg. of total sterol per day. Constipation 


45. Tue EFFECT OF STRESS UPON THE 


J. C. Paterson, Charles A. Mitchell and K. 


tended to decrease the excretion of sterols far 
beyond the expected amount. 

Dogs maintained for many months on diet: 
containing 10 Gm. of finely divided cholestero 
per day excreted between 2 and 4 Gm. of tota 
sterol per day in the feces. The amount ex 
creted was not affected by the administratio 
of 1.2 Gm. of thiouracil per day. It is apparen 
that the elevation in serum cholesterol level. 
which follows the administration of thiouracil is 
not due to decreased excretion. 


CoRONARY ARTERIES OF CHICKENS 


M. Gartley, London, Ontario, Canada 


Department of Medical Research, University of Western Ontario 


“Spontaneous” arteriosclerosis of the coro- 
nary arteries is extremely common in adult 
chickens. More than 70 per cent of 1 year 
old birds show some evidence of the disease, 
and the sclerosing and stenosing process be- 
comes progressively more severe with age. 
This naturally-occurring form of sclerosis is 
characterized by a proliferation of connective 


tissue cells in the intima, without significant 


lipid deposits, and this leads to narrowing of the 
arterial lumen, sometimes to a marked degree. 

The effect of a variety of experimental 
procedures on the number and size of these 
fibrous intimal plaques has been studied, and 
two of the procedures have produced regression 
of the disease process, namely, the exposure of 
chickens to stress, several times a day, for one 
year; and the injection of cortisone daily for 
two weeks. 
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